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ABSTRACT
Innovation, which is characterized as a significant improvement to an existing product, process, or system,
often results in changes to several aspects of a project. Consequently, the development and implementation
of an innovation typically requires collaboration across a variety of disciplines. In the context of the
construction industry, collaboration not only takes place across a variety of disciplines, but also across
multiple organizations responsible for delivering large, complex projects. Consequently, the interaction
between design and construction firms influences the likelihood of innovation on construction projects.
Because the owner of the facility generally creates the environment under which design and construction
firms collaborate, the goal of this research is to identify the factors and mechanisms that may be established
by the owner to foster innovation on construction projects. Seventeen projects by seven different owners
were analyzed to determine the influence of owner capabilities, owner approach, team composition, project
scope, and mechanisms of inter-firm collaboration on the frequency of innovation in construction projects.
At the organizational level, the results confirm that it is best for the owner to invest in design and
construction resources or to outsource with external organizations to obtain the competence needed to
develop and implement construction innovations. It is also optimal for the owner to actively participate in
the procurement process, integrate the design and construction process, and share risk and reward with its
design and construction agents. In addition, it is important to select highly qualified professionals and
establish the project team as early as possible. Although an environment of trust and teamwork enhances
innovation, establishing new relationships with designers results in greater creativity as a prerequisite for
innovation.
At the project level, a long facility functional life, clear project objectives, and specified complexities in the
project may be acknowledged by the owner to challenge its design team to develop innovation. Finally,
mechanisms of inter-firm collaboration may be established, such as super-ordinate goals, informal rules and
procedures, and communication tools to increase the likelihood of innovation. Under these conditions, the
owner may rally its team members under a shared common purpose, provide flexibility in an environment
of inherent project uncertainty, and provide an effective means of communication under which the project
team collaborates for purposes of innovation.
It is intended that this research will aid the formation of solutions to the problems that occur when
organizations collaborate to develop and implement innovations in large, complex facilities. These research
results are presented in the format of a "prescriptive handbook" for the owner to utilize in organizing and
managing the innovation process. It is also anticipated that any participant in a product development
industry, including construction and manufacturing, will be able to use this information to formulate an
innovation collaboration strategy for becoming a leading-edge company in today's globally competitive
marketplace.
Thesis Supervisor: E. Sarah Slaughter
Title: Assistant Professor of Civil and Environmental Engineering
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1 INTRODUCTION
It is viewed that "soon new products will be developed by just-in-time collaborations of
globally distributed teams linked seamlessly by web-based tools and processes. The
collaborations will be formed by means of a 'services marketplace' where lead firms will find
the world's best 'knowledge purveyors'- suppliers of information, components, and support
services" (The Center for Innovation in Product Development 2000). Consequently, the
foundation for product development infrastructure will need to be constructed prior to the social,
organizational, and competitive transformation that must take place for companies to survive in
such a service marketplace. In essence, new product development will entail intense global
competition and collaboration, accelerating technological change, and highly complex and
decentralized processes that will require communication and cooperation across boundaries, both
within the firm and between firms. In this case, effective product development through
innovation will become essential to achieve competitive advantage and corporate survival.
This research focuses on construction industry professionals in real project environments
to extend existing knowledge of the product development process and to offer innovative
improvements to current practice so that organizations can work more effectively in the newly
emerging, globally distributed services marketplace. Because the facility owner typically forms a
temporary organization of many allied firms joined together for the sole purpose of delivering
large, complex projects, the construction industry offers valuable insight into the interactions
between organizations and the development of new products. Furthermore, by focusing on the
nature of organization form, the boundaries among firms in the design and construction project
team, and the team's effectiveness of developing and implementing innovation, it is expected
that enterprises will utilize this research to develop an effective competitive strategy in today's
fast, unpredictable environment.
1.1 Problem Statement
Built facilities typically require the design and installation of numerous components and
subsystems that must work together collectively to function as a whole system. Because facilities
are essentially comprised of complex integrated systems, the building is often designed and
constructed according to divisions of components or functions, including the structure, enclosure,
17
services, and finishes. In addition, because each of the design and construction processes is
highly complex, the organizations involved in each of the processes tend to specialize in a
particular component or subsystem. This phenomenon results in a highly fragmented
construction industry in which many organizations must collaborate across various disciplines to
achieve a successful, fully operational facility on behalf of the client.
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Figure 1.1 - "Typical" Construction Project Value Chain
Figure 1.1 illustrates the numerous entities that may comprise the value chain of the
"typical" construction project. In this case, the active role of the owner encompasses the
acquisition of the site, arrangement of temporary and permanent financing, negotiation during
the public approval process, consideration of tenant and user demands, prioritization of facility
requirements, and formation of the design and construction project team. In most instances, the
organizations responsible for design and construction are functionally and legally separated. In
this traditional approach, the owner first hires the architect, who in turn hires engineers and
consultants, to design the facility. When the design is completed, the owner then hires a general
contractor, who in turn hires subcontractors for specialty work, to construct the facility. Finally,
several suppliers of labor, materials, and equipment generally complete the dozens of firms that
are often involved on any given project.
Throughout the procurement process, the owner not only controls the atmosphere under
which the project team works together to achieve the final constructed product, but also
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establishes the environment under which the team innovates on the projects. This role is critical
because innovation often impacts both the design and construction process, resulting in the need
to coordinate both parties with respect to the innovation. As a result, such elements as the
owner's attitude toward the project team, the level of owner involvement, the composition of the
project team, the challenges inherent in the project and the ability of the project team to work
together have a significant impact on the occurrence of innovation in construction projects.
This role of the owner in inter-firm collaboration for innovation development and
implementation in building construction is a problem that has not been considerably addressed in
the past. Although previous literature focuses on collaboration between firms in the context of
the manufacturing industry, the context of projects in the construction industry presents unique
characteristics that must be taken into consideration prior to the practical application of the
theories described in this study. Even less investigation has been performed in terms of the
collaboration between firms in the construction industry with the sole purpose of developing and
implementing innovation under the direction of the owner.
1.2 Research Objectives
The objective of this research is to form solutions to the problems that occur when
multiple independent organizations collaborate to develop and implement innovations in the
context of the design and construction of large, complex facilities. The research intends to
identify the factors and mechanisms that permit the owner to enhance innovation collaboration
within a temporary organization of allied companies and firms joined for the sole purpose of
designing and delivering high-performance construction projects. In the end, the research will
seek to present a "prescriptive handbook" for the owner to utilize when managing the innovation
process both within and across firm boundaries. In addition, other members of the construction
industry, including designers, contractors and subcontractors, may use this information to
formulate a strategy for innovation development and implementation to become a leading edge
company within the competitive environment of the construction industry.
1.3 Research Significance
This research is significant because it continues to explore the factors and mechanisms
that influence the development and implementation of innovation in a multi-organizational
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project team environment with the overall purpose of delivering a complex project. Specifically,
the study builds upon recently completed research into inter-firm collaboration for innovation in
structural systems (Semlies 1999) and the role of the general contractor and construction
manager in multi-organizational teams for construction innovation (Seaman 2000).
The research also intends to develop and test theories relative to collaborative product
development both between and among organizations to foster innovation in the construction
industry. Previous research predominantly explored collaborative product development and
innovation development and implementation in the context of manufacturing industries. As a
result, it is anticipated that both the manufacturing and construction industries will be able to
benefit from the practical implications of this research in terms of how to, for instance, structure
an organization, establish relationships, select appropriate delivery and contract forms, and create
collaboration mechanisms under different characteristics of large, complex projects.
1.4 Thesis Organization
Chapter 2 reviews existing relevant literature regarding inter-firm collaboration for
innovation development and implementation in the context of the construction industry. The
chapter includes areas of academic study on transaction cost theory, organizational competence
and structure, principal-agent theory, network and team theory, project scope, inter-firm
collaboration and innovation theory.
Chapter 3 lists the factors and variables derived from existing literature that influence
inter-firm collaboration for innovation development and implementation in building
construction. The unit of measurement for each of the variables is also presented in this chapter
to describe how the framework was tested.
Chapter 4 highlights the methodology of this research under the circumstances of the
given problem and existing background information. In this case, an empirical study was
conducted to collect data from seven different owners on seventeen individual construction
projects with sixty-seven identified innovations. The selection of the owners and the projects,
procedures for the collection of data, and the analysis and validity of the data are also discussed.
Chapter 5 presents the results of this study in which the framework of variables presented
in Chapter 3 are tested in the context of the owner and project case studies. In this case, each
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innovation is used as the unit of analysis to determine the degree of inter-firm collaboration for
the development and implementation of innovation in each of the projects.
Chapter 6 summarizes the findings of the research in terms of identifying the factors and
mechanisms that permit the owner to enhance innovation collaboration between multiple
organizations. In addition, recommendations are made for continuing and future areas of
research.
Finally, there are three appendices at the end of the report. Appendix A contains
information relative to project delivery methods and construction contract types that are
commonly utilized in the construction industry. Appendix B contains case study information for
each owner and their respective projects. Information regarding the owner consists of a brief
description of the organization, its location and physical assets, and degree of in-house design
and construction competence. Each owner's organizational structure and general procedures for
design and construction are also discussed. For each project, case study information includes a
brief description of the project, an organizational chart of the project team members, a project
timeline of constraints and responses, and a summary of identified innovations in the project.
Appendix C presents the compilation of data sheets in which collected data is organized and
numerated in accordance with the variables established in the framework of the study.
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2 LITERATURE REVIEW
There are several important areas of management to consider in gaining an understanding
of inter-firm collaboration for innovation in construction. This chapter, which is comprised of
three major sections, introduces such issues in the context of both the manufacturing and
construction industries. The first section of this chapter presents organization and project
literature to explore the structure of organizations and project teams formed with the sole
purpose of accomplishing large, complex projects. The second section of this chapter discusses
innovation theory to provide a basic understanding of innovation itself. The third and final
section of this chapter combines organization, project and innovation literature relevant to the
construction industry to investigate mechanisms that foster inter-firm collaboration for
innovation development and implementation particularly in building construction.
2.1 Organization and Project Literature
The following section discusses organization and project literature to explore how
organizations and project teams may be structured to accomplish large, complex projects.
Several areas of academic study are focused on including transaction cost theory, organizational
competence and structure, principal-agent theory, network and team theory, project scope, and
mechanisms of inter-firm collaboration.
2.1.1 Transaction Cost Theory & Organizational Competence
At the beginning of the design and construction process, the concept for a facility
originates with the owner. Once the final decision is made to move forward with a project, which
is often influenced by a myriad of factors, the owner must prepare itself for the serious
undertaking. To obtain the resources needed to design and construct a facility, the owner may
acquire resources internally, contract for services with external organizations, or rely on a
combination of both strategies. Taking into consideration the transaction cost of design and
construction may assist the owner in making this determination.
Transaction cost refers to the transactions that occur between and within organizations
(Williamson 1979). The governance structure or organizational environment where transactions
are negotiated and executed may vary with the nature of the transaction. Specifically, it is best to
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form a simple governance structure for executing simple transactions. To characterize a
transaction, three critical dimensions may be measured, including the uncertainty inherent in the
transaction, the frequency of the transaction and the degree to which transaction-specific
investments are made (Williamson 1979). In the context of the construction industry, these
factors equate to the degree of risk and uncertainty inherent in the design and construction of the
facility, the frequency with which the owner builds, and the extent to which the owner invests in
design and construction, respectively.
When there is a significant amount of risk associated with the design and construction of
a facility, the owner may wish to delegate the risk to organizations that are more capable of
managing the risk. Under these circumstances of risk and uncertainty, contract law serves the
purpose of facilitating transactions between multiple organizations (Williamson 1979). Simple
transactions can utilize classical contracting in which legal rules, formal documents, and self-
executing transactions are used to achieve easily anticipated results. In circumstances of higher
uncertainty, neoclassical contracting may be used to accommodate gaps in planning and address
the need for flexibility. In instances where trust between organizations grows, the owner may
utilize relational contracting, or an ongoing administrative sort of contract that develops out of
relationships over time.
Williamson (1979) characterizes the frequency with which transactions occur as one-
time, occasional, or recurrent. In the context of the construction industry, an example of a one-
time transaction might be the purchase of a residence by a homebuyer who intends to reside at
the residence for several years. An example of an occasional transaction may be the upgrade of
an existing facility to perform another term of functional life. A recurrent transaction may be
exemplified by the construction of several facilities over a long period of time.
The third critical dimension, which refers to the degree to which transaction-specific
investments are made, can be classified as nonspecific, mixed, or idiosyncratic (Williamson
1979). An example of a nonspecific investment characteristic is a market where standardized
goods are exchanged between "faceless" buyers and sellers at equilibrium prices. An
idiosyncratic investment characteristic requires tailoring in the form of human and physical
capital to meet specific needs of the transaction, such as the construction of a complex facility. A
mixed investment falls in between the nonspecific and idiosyncratic characteristics.
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In commercial contracting, cost economizing assumes that buying instead of making will
most likely be the most cost-effective means of procurement. As a result, the buyer must select
the proper governance structure that matches with the transaction (see Figure 2.1). A structure of
market governance and classical contracting may be used for standardized nonspecific
transactions of both occasional and recurrent contracts. A trilateral governance structure with
neoclassical contracting is needed for occasional transactions that are mixed or highly
idiosyncratic. This form of structure allows a third party to resolve disputes and evaluate
performance. An example of a trilateral governance structure is the utilization of an architect as
the overseer of the general contractor in a design-bid-build environment.
Under the bilateral governance structure with relational contracting, outside procurement
is favored in accordance with economy of scale considerations, and parties of the transaction
remain autonomous. This structure is useful under requirements for extensively specialized
human and physical assets needed for the frequent procurement of transactions that are mixed in
nature. For example, real estate developers that build frequently may utilize this structure in the
case of a development that mass produces homes as a commodity, but allows each buyer to
customize each home in an idiosyncratic nature. On the other hand, in a unified governance
structure, the buyer removes frequent and highly idiosyncratic transactions from the marketplace
and organizes them within the firm in the form of vertical integration. In this case, for instance, a
real estate developer that frequently builds "one-off' custom residences may utilize this structure
to internalize design and construction in order to have more control over the sensitive process.
This structure allows the buyer as opposed to an outside supplier to fully realize economies of
scale. The major benefit to this structure is the ability to make adaptations without the need to
revise inter-firm agreements.
Investment Characteristics
Nonspecific Mixed Idiosyncratic
Trilateral Governance
SOccasional Market Governance (Neoclassical Contracting)
(Classical Contracting) Bilateral Governance Unified Governance
Recurret (Relational Contracting)
Figure 2.1 - Matching Governance Structures With Commercial Transactions
(Williamson 1979)
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In the construction industry, it is customary for the owner to contract with outside
organizations for the actual design and construction of a facility rather than organize the
activities internally (Eccles 1981). This structure is preferred because the uncertainty inherent in
the design and construction of facilities is high, the frequency of the transaction is often low, and
the nature of transaction specific-investments is often excessive for the owner to internalize.
However, for owners who perform construction transactions more frequently, it is common for
these owners to invest greater in human and physical capital, such as design and construction
expertise, in order to manage the design and construction services obtained from consultants.
Also in this case, it is common for owners to develop stable relationships over time with
qualified external organizations. It is important to note that such organizational structures often
change over time according to each organization's preference and the perceived risk associated
with any given project.
2.1.1.1 The Quasifirm
Once the owner determines the proper governance structure based on its transaction cost
of design and construction, the proper degree of vertical integration may be established. The
issue of vertical integration involves determining the extent to which a firm is directly
responsible for producing all of the inputs required for its products. Eccles (1981) utilizes
transaction cost theory to argue that under the technical conditions of construction, the preferred
contracting mode among the general contractor and specialty contractors is an intermediate form,
or quasifirm, between the bilateral and unified governance structures. Construction projects
involve high levels of uncertainty and complexity, and may be characterized as temporary in
nature, one of a kind, and site-specific. Characteristics of construction typically require unique
combinations of labor and materials, the on-site coordination and execution of complex tasks,
and a large number of labor specialties that differ in terms of their work activities, training, level
of skill and value in the labor market. As a result, there is a significant difference between
construction and manufacturing (particularly mass production). Whereas manufacturing utilizes
fixed labor to turn raw material into a transportable final product over a series of independent
stages, construction utilizes impermanent labor to achieve a stationary final product through a
less rigid coupling of tasks.
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A positive correlation exists between project size and complexity and the degree of
subcontracting (Eccles 1981). In construction, for example, the high level of uncertainty
associated with assessing the demand for future projects and their resource requirements supports
the general contractor's utilization of subcontractors rather than vertical integration. The same
concept explains why most owners prefer to contract with design and construction organizations
rather than vertically integrate the resources internally. This use of subcontracting eliminates the
balancing problem of employing several personnel over a long time period with uncertain
demand and reduces the administrative burden of hiring, supervising and firing workers by
allowing a commitment to be made only for the duration of the project.
Dependent upon institutional regulations for competitive bidding, relationships between
contractors and subcontractors may be stable and continuous over long periods of time. Stable
relationships lower transaction costs because the contractor doesn't have to solicit bids from a
number of subcontractors for each trade. While both parties can benefit from learning how to
work together, both parties retain the option of easily terminating the relationship at the end of
the project. The same principles apply to the owner in that stable relationships prevent the owner
from having to solicit proposals from several design and construction firms and allow both
parties to benefit from working together over the long term without making permanent
commitments to one another.
2.1.1.2 Investment in Design and Construction
An owner's investment in design and construction increases the owner's competence
needed to meet the challenges associated with managing highly complex construction projects.
Competence is defined as "the ability of a firm to exploit its resources to create the particular
technologies relevant to its needs" (Estades and Ramani 1998). When an organization functions
without relying on services from other organizations, the performance of the organization
depends upon its financial resources, firm-specific assets and competencies (Estades and Ramani
1998). However, once an organization decides to rely on a team of organizations, such as in the
case of a construction project, the performance of the organization then depends upon the assets
and competencies of all of the team members. In other words, an extra-organizational team may
only be as competent as its weakest link.
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Therefore, as the primary participant in the procurement of construction projects, the
owner not only has the responsibility of assembling competencies within its own organization,
but also among the organizations that comprise the project team. Dependent upon issues such as
project complexity, the owner will need to have certain complementary capabilities or assets
relative to the design and construction industry. As a result, the owner must determine the proper
degree of architecture, engineering, construction, operation and maintenance expertise to staff
within its organization. The decision will be related to several factors including whether or not
design and construction falls within the core competence of the organization, the frequency with
which the owner constructs facilities, and the nature of the projects that are undertaken. The
degree of design and construction competence possessed by the owner will ultimately influence
the organization's ability to program design and construction tasks, establish the requirements
for construction, and monitor the performance and outcome of the tasks by the numerous
organizations that perform services on behalf of the owner.
2.1.2 Principal-Agent Theory
The theory of principal-agent relationships explores the owner's attitude toward the
organizations and individuals that comprise the project team. In the construction industry, an
owner (principal) that chooses not to internalize design and construction activities and decides to
network with external organizations must contract with designers and contractors (agents) when
undertaking a new construction project. In turn, the design agent will contract with engineers and
the construction agent will contract with specialty subcontractors to form a multi-tiered
construction project team. Principal-agent theory describes this delegation and management of
work from the principal to the agents, who are responsible for performing work on behalf of the
principal (Eisenhardt 1989). The principal-agent theory essentially provides to the owner a set of
rules for the agents to follow under the circumstances that design and construction services are
hired out to multiple organizations.
The fundamental dilemma associated with the principal-agent theory is that cooperating
parties may have different goals and divisions of labor (Eisenhardt 1989). As a result, principal-
agent theory attempts to resolve the problems that occur when the principal and agent have
conflicting goals or objectives and the principal incurs difficulty or expense in monitoring the
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agent's activities. Principal-agent theory also addresses the problem of risk sharing that occurs
when the principal and agent have different attitudes toward risk.
The unit of analysis in principal-agent theory is the contract that governs the relationship
between the principal and agent. The purpose of the contract is to allow the principal to delegate
authority, distribute risk, and induce the agent to perform through compensation and incentives.
Previous research focuses on achieving the most efficient contract between the principal and
agent under varying levels of outcome uncertainty, risk aversion, and information (Eisenhardt
1989).
In determining the optimal contract between the principal and agent, the contract may be
either behavior-based or outcome-based. Contract selection depends upon the degree to which
the principal can determine and control the behavior of its agents or the desired outcome
(Eisenhardt 1989). A behavior-based contract compensates the agent on its ability to perform a
specified set of activities and may be used when the principal can easily monitor the agent. An
example of a behavior-based contract in the construction industry is a "reimbursable" contract
form in which the principal assumes all of the financial risk for the agent's behavior. When the
behavior of the agent is not easily observable, the principal may utilize an outcome-based
contract. An outcome-based contract compensates the agent on its ability to achieve a specified
set of results and may be used when it is difficult for the principal to monitor the agent. An
example of an outcome-based contract in the construction industry is a "fixed price" contract
form in which the agent assumes all of the financial risk for achieving the outcome specified in
the contract. This form of contract alleviates the moral hazard that occurs when the agent acts
out of self-interest and doesn't behave as agreed in the contract. It also addresses the issue of the
adverse selection that occurs when the agent misrepresents its skills or abilities needed to
perform work as stated in the contract (Eisenhardt 1989).
Contracts between the principal and agent are considered "incomplete" when both the
input and outcome cannot be specified in advance. In this case, the contract does not compensate
for every contingency that may be discovered in the project. Such contracts will utilize a "change
order" or renegotiations clause for all or a portion of the contract.
The principal-agent dilemma is both relevant and important in the context of the
construction industry. The scale and uniqueness of construction projects typically require the
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owner, acting as principal, to contract with designers and contractors, performing as agents, for
the design and construction of a facility. Because the majority of owners often do not maintain
permanent design or construction expertise internally within their organization, it may be
difficult to ascertain whether or not the agent is fulfilling its tasks. These issues provide the basis
upon which the owner may select the appropriate contract for construction.
2.1.2.1 Multi-Task, Multi-Agent Conditions
Holmstrom and Milgrom (1991) present a model of incentives as an important instrument
used by the principal toward the job design of multiple tasks for the agent to perform. In the case
of multiple tasks, incentives not only allocate risk and motivate hard work; they also influence
the distribution of the agent's attention among its numerous responsibilities. The model confirms
that an increase in an agent's compensation in any single task will result in the reallocation of
attention away from the other tasks.
In order to address this issue, the model shows that an optimal incentive contract can pay
a fixed wage that is independent of measured performance. With each task made the
responsibility of one agent, some agents can specialize in activities that are hard to monitor while
others can specialize in activities that are easy to monitor. The separation of tasks according to
their measurability characteristics allows the principal to give strong incentives for tasks that are
easy to measure without fearing that the agent will substitute efforts away from the other, harder
to measure tasks. Under these circumstances, a basic compensation scheme may reward one
agent for completing tasks that are hard to monitor, while an incentive compensation scheme
may reward the other agent for completing tasks that are easy to monitor. The model reinforces
the idea that it is never optimal for two agents to be mutually responsible for the same task.
Multi-agent theory is concerned with the issue of cooperation in which multiple agents
are responsible for performing multiple tasks. The principal can design a task structure in
accordance with proper measures of compensation that either assigns each agent to its own tasks
or establishes an environment of teamwork whereby each agent has incentive to help the other
agents (Itoh 1991). Under a specialized task structure, a division of labor permits each agent to
be treated separately and provides no inclination for the agents to help each other. A non-
specialized task structure enhances teamwork whereby the agents are motivated to help the other
agents because compensation is contingent upon the outcome of the tasks performed by the other
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agents. Under conditions of teamwork, the principal can reduce the cost of motivating each agent
to work on his own task through inducing agents to help each other.
The strategic interaction between agents and their attitudes toward performing multiple
tasks are the two most important factors in determining the optimal task structure in terms of
incentives. The danger associated with providing interdependent incentives to multiple agents is
that agents have the opportunity to reduce their own effort and "free ride" on the help of the
other agents. In addition, agents may collude among other agents by using information about
each other's actions against the principal (Itoh 1991).
2.1.3 Network and Team Theory
While there are several issues to consider in establishing the mechanics between the
principal and its agents, other areas of research focus on the relationships that develop between
the principal and its agents over time as well as the environment under which the principal and
its agents work together.
2.1.3.1 Networks
Based upon the owner's decision to complement in-house capabilities by forming
organizational teams to acquire design and construction competence, the formation of networks
between the owner and external organizations becomes an important consideration. DeBresson
and Amesse (1991) define a network as a loose form of inter-relationships between organizations
that provides more economies of scale than the sum of its interacting organizations. The appeal
associated with forming a network is that this configuration offers tremendous flexibility for
exploiting opportunities for innovation and generating collective knowledge through unique
combinations of the value chain. The benefits of establishing a network include access to
dynamic technologies and the accumulation of knowledge through interaction over the long-term
without having to make extensive transaction-specific investments.
Various factors induce organizations to form a network rather than internalize expertise
within an organization. The existence of strong technological and market uncertainties is one
condition under which networks are formed. Another reason for forming a network is that the
development of new technology associated with innovation often requires complementary assets
beyond the internal competence of the organization. A final condition assumes that the affiliation
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of the members of the network will provide super-additive benefits to each of the members in a
positive-sum gain environment.
As prerequisites for establishing a network, an initial agreement and mutual commitment
toward a common goal often results in the development of joint dependencies, common
languages, mutual understandings and trust between organizations. This phenomenon reduces the
risk and uncertainty associated with the potential opportunistic behavior of a member of the
value chain and allows the network to persist over the long-term.
2.1.3.2 Team Theory
By subcontracting design and construction activities to outside organizations, the owner
effectively creates a team of organizations responsible for completing a construction project
through the combined efforts of functionally separate firms. The theory of teams focuses on the
principal's management of multiple specialized organizations (Marschak and Radner 1972). In
this case, a team may be comprised of multiple organizations that have the same interests and
beliefs as the other team members, but do not share the same information provided by the
organizer. As a result, team theory concerns itself with optimizing methods of providing and
allocating information efficiently to each of the members of the team. This is particularly
relevant in the construction industry because the designer and the contractor will most often not
share the same information supplied by the owner regarding the project, frequently resulting in
conflicts between the organizations.
2.1.4 Project Scope
The scope of the project generally identifies the owner's needs for the facility and
constitutes the challenges under which the project team works together. Specifically,
construction projects are typically driven by issues, such as time and cost, which must be
addressed in the early evaluation of the project. In terms of time, the schedule for a project may
be dictated by the owner's requirement that the project be completed by a specified deadline,
thereby establishing serious consequences for scheduling delays. In other instances, more
flexibility in the schedule may be considered as a means of encouraging goals for cost savings by
using longer lead-time materials. In establishing the budget for the project, the owner must also
take into consideration the structure of the project, the project delivery method, contractual
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arrangements, and financial resources. Each of these factors, which may change over the course
of a project, will be reflected in the project scope and influence the dynamic environment under
which the project team designs and builds the owner's facility.
2.1.5 Mechanisms of Inter-firm Collaboration
After the scope for the project is outlined and the structure of the principal-agent
relationship is defined, the owner may then focus on fostering the cooperation of individuals
from various specialties needed to successfully implement the construction project. In
construction, temporary teams of agents are often formed for only the duration of time required
to complete the project or a designated set of activities. When agents from multiple functional
areas work together on projects, it is expected that firms will have different attitudes toward
goals and relationships as well as conflicting interests and points of view. This potential lack of
cooperation may create difficulties for the project team in terms of reaching agreements and
implementing decisions. As a result, the owner may find it necessary to foster joint behavior and
cooperation between team members in the form of coordination, collaboration and cooperation
"toward some goal of common interest (Pinto and Pinto 1990)."
2.1.5.1 Coordination
Van de Ven et al. (1984) defines coordination as "integrating or linking together different
parts of the organization to accomplish a collective set of tasks." In this case, a single
organization creates a set of activities for which it must acquire the support, cooperation and
resources from a number of other organizations. Upon mobilizing the other organizations, the
organizer is then able to pursue its own objectives. Coordination is an essential aspect of
construction because a subcontractor, for example, may often rely on the work of other
subcontractors before proceeding with its work, which in turn affects the general contractor's
ability to pursue its objective for completing the project.
2.1.5.2 Collaboration
Trist (1997) defines collaboration as the "willingness to align one's own purposes with
those of diverse others and to negotiate mutually acceptable compromises rather than trying to
coerce and dominate in order to get one's own way." Collaboration is proposed as the primary
tool for overcoming problem solving associated with complexity in an open and interpersonal
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group environment that replaces "win-lose" with "win-win" circumstances. An example of
collaboration in construction might include the mutual compromise between the architect and the
general contractor regarding the interpretation of a discrepancy between the plans and
specifications for a project.
Bruce et al. (1995) examine collaboration in the context of product development, analyze
the costs and benefits of collaborative product development, identify drawbacks of collaboration,
and review management practices that contribute to successful outcomes. Incentives to
collaborate include accessing new technology and expertise, acquiring information, pooling
competencies, reducing time to market, sharing costs and risks, and marketing. The disincentives
of collaboration include the realization that collaboration may be costly and unsuccessful, the
high cost of resources needed to manage the collaboration in terms of setting up, monitoring, and
harmonizing the team, and the high degree of trust needed for collaboration to occur. Risks of
collaborating include the leakage of information, the loss of control and ownership, the
lengthening of the product development process, conflicts from differing objectives, and the
wavering commitment of the collaborating parties. Although the construction industry presents a
different set of circumstances than product development, the literature suggests that the owner
may wish to foster collaboration to access design and construction expertise despite the high
degree of management required on behalf of the owner to oversee the collaborative effort.
While success may be defined as the ability to meet the objectives defined for the
collaboration and develop the product as planned within schedule and budget estimates, a
number of factors may be attributable to successful collaboration outcome (Bruce et al. 1995).
These factors include the owner's choice of partner, the perceived equity of contributions and
benefits, positive personal chemistry, the presence of a collaborative champion, clear ground
rules for collaboration, adequate financial resources, and affirmative past experience. These are
some of the considerations an owner may review during the formation of its design and
construction team.
2.1.5.2.1 Trust
Beyond the regular professional relationship, trust is an individual's confidence in the
goodwill of other individuals in a relationship with the expectation that others will reciprocate if
one cooperates (Chen et al. 1998). Littler et al. (1998) investigates several factors that influence
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the outcome of collaboration between organizations. Among the management influences, the
climate and perception of trust between collaborating partners is important in the successful
achievement of cooperation and collaborative product development. In manufacturing industries,
the establishment of trust is viewed as an essential element needed to balance the potential risk of
a leakage of information outside of the collaborating organizations. Previous research has
demonstrated that the time and cost savings associated with the establishment of mutual
understanding and trust can prevent significant and costly difficulties during the later stages of
collaboration (Littler et al. 1998). Previous research also indicates that as trust, experience,
confidence and success build up between partners, collaborative relationships tend to become
larger and more extended over the long term (Littler et al. 1998). In the construction industry, it
is common for trust to develop between owners and designers, owners and contractors, designers
and consultants, and contractors and subcontractors when each of the team members works
together on multiple projects over time.
2.1.5.3 Cooperation Mechanisms
Although various researchers present numerous opinions, the basic definition of
cooperation is the working together of independent group members toward the achievement of a
collective goal. Pinto et al. (1993) examine the influence of formal cooperation mechanisms
between teams toward the achievement of perceived project outcomes in the context of the health
care industry. The four cooperation mechanisms consist of super-ordinate goals, accessibility,
physical proximity, and formalized rules and procedures for both the organization and project
team. Super-ordinate goals refer to "goals that are urgent and compelling for all groups involved
but whose attainment requires the resources and efforts of more than one group" (Pinto et al.
1993). While accessibility refers to the type and frequency of interactions that occur, physical
proximity refers to the physical distance between organizations and project team members.
Finally, formalized rules and procedures refer to the degree to which activities of the project
team are mandated or controlled.
Successful project implementation was measured in terms of both perceived task and
psychosocial project outcomes. Task outcomes refer to conventional objective measures of
project implementation success such as meeting schedules, achieving performance objectives,
and adhering to budget requirements. Psychosocial outcomes refer subjectively to the feeling
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between project team members in terms of enjoying working together, the degree to which
project was worthwhile, and the extent to which the team members are satisfied of the project's
outcome.
Results of the study indicate that each of the four mechanisms has a significant impact on
project outcomes through influencing cross-functional cooperation (Pinto et al. 1993). For
example, while super-ordinate goals, physical proximity and project team rules and procedures
seem to have a significant impact on cross-functional cooperation, accessibility and
organizational rules and procedures do not have a tremendous effect. In addition, it was
discovered that super-ordinate goals and project team rules and procedures significantly
influence task outcomes, while project team rules and procedures and cross-functional
cooperation both considerably affect psychosocial project outcomes.
In addition, the organizational behavior and culture of each project team member may
affect cooperation (Chen et al. 1998). Specifically, the architect's objective of creating an
architectural masterpiece may conflict with the contractor's objective of constructing a practical
facility at the lowest possible cost. To combat this dilemma, the establishment of positive goal
relationships between participants, the employment of cooperative mechanisms, and an
understanding of the motives behind culturally diverse members may be used to foster and
maintain cooperative behavior for group actions. Examples of cooperation mechanisms include
super-ordinate goals, group identity, trust, accountability, communication, and reward structure
and incentives.
The concepts of individualism and collectivism offer insight into the impact of culture on
cooperative mechanisms. Individualists and collectivists may be identified along a cultural
spectrum according to their attitudes toward conceptions of the self, goal relationships, relative
importance of attitudes and norms, and emphasis on relationships. The individualist identifies
self as an autonomous entity independent of groups, allows personal goals to have priority over
group goals, is driven by its own beliefs, values, and attitudes, and is oriented towards task
achievement. On the other hand, the collectivist identifies self in terms of a connection with
others in various groups, emphasizes group goals over personal goals, is driven by social norms,
duties, and obligations, and is oriented toward harmonious relationships.
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Mechanisms Individualist Collectivist
Goal Inter-dependence Goal Sharing
Super-ordinate Goals Self-sacrificial contribution for the
Cooperation for self-interest collective good.
Self Enhancement Group Complementarity
Group Identity Enhances personal identities. Complements existing group
identities.
Trust Cognition-based Affect-based
Knowledge of role performance. Emotional bonds between partners.
Individual-based Group-Based
Accountability Individual is responsible for own Individual is responsible for groupbehavior and consequences. outcome. Enforced through informal
Enforced through explicit rules. rules.
Partial Channel Full Channel
Communication Partial communication. Information Face-to-face communication.
in explicit code. Information in the physical context.
Equity-based Equality-based
Reward Distribution Rewards are proportional to Rewards are distributed equally
individual contribution. among group members.
Figure 2.2 - Cooperation Mechanisms by Culturally Shaped Motives (Chen et al. 1998)
In the context of the construction industry, it is reasonable to assume that a project team
consisting of multiple organizations may be defined according to its position on the cultural
spectrum of individualism and collectivism. An example of an individualist setting in
construction may be one where there is minimal interaction between the architect and the
contractor. On the other hand, a collectivist setting may encourage interaction between the
architect and the contractor by bringing both members of the team on board at the same time and
establishing a rule that each firm has equal input and output. Figure 2.2 illustrates some of the
measures that may be taken according to the cooperative environment that is desired.
2.1.5.3.1 Communication
Communication is described as an important aspect of cross-functional cooperation and is
viewed as the key to successfully developing and managing projects by professionals in a team
environment (Pinto and Pinto 1990). Communication provides the vehicle through which
personnel from multiple functional areas share information critical to the successful
implementation of projects. In construction, communication provides the means through which
information is relayed between the designers and the builders with the owner acting as the
central hub of information. While communication is viewed as essential for building a healthy
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interface between functional units, a lack of communication can lead to problems in new product
development and project failures.
The type or nature of the project can affect the relative importance of communication. In
other words, a simpler project may not require the extent of communication needed for a highly
complex project. As a result, the nature of communication may vary in terms of being internal
versus external, formal versus informal, and written versus oral. In construction projects, all
forms of communication take place within and between organizations. Formal communication
such as written technical reports, memos, letters, and scheduled team meetings and
appointments, are often complemented by informal communication such as oral conversations
over the telephone and unplanned face-to-face discussions.
Pinto and Pinto (1990) suggest that the reliance on informal communication in a relaxed
atmosphere is more indicative of projects with high levels of cross-functional cooperation. In an
environment of high levels of cross-functional cooperation, communication is used to
brainstorm, obtain project-related information, review progress, and receive feedback on
performance. In addition, an atmosphere of trust allows a greater allocation of time on task-
related issues rather than on the resolution of personality conflicts among project team members.
Because communication influences the degree of cross-functional cooperation, it also has a
bearing on the level of success on task and psychosocial outcomes. The implications are that the
principle should adopt an "open door" policy to encourage informal interactions and emphasize
team building to encourage trust and cooperation at the beginning of a project.
2.1.6 Summary of Organization and Project Literature
In summary, organization and project literature provides the basis upon which to derive
variables for testing the collaboration that takes place between organizations responsible for
delivering large, complex projects. At the organizational level, the capabilities of the owner, the
owner's attitude toward risk and reward, and the manner by which the owner composes its
design and construction team establishes the environment under which multiple organizations
collaborate to execute a project. At the project level, project scope and mechanisms of inter-firm
collaboration offer tools that the owner may utilize as a means of focusing the efforts of multiple
project team members under the authority of the owner.
37
2.2 Innovation Literature
Before identifying the factors and mechanisms that foster inter-firm collaboration for
innovation in construction at both the organization and project level, it is first necessary to gain a
thorough understanding of innovation itself. Innovation may be defined as the actual
implementation of a significant modification and improvement to an existing product, process, or
system that is new to the organization developing the innovation (Freeman 1989; Slaughter
1998).
2.2.1 Classification of Innovation
2.2.1.1 Innovation Type
Tushman and Nadler (1986) identify two kinds of innovation including product
innovations and process innovations. A product innovation is a change in a product that the
company assembles or a service that the company provides. A process innovation is a change in
the way that the company assembles the product or provides the service.
2.2.1.2 Innovation Model
The classification of innovation revolves around the innovation's degree of change
compared to current state-of-the-art technology and the expected impact on the linkages between
the innovation and other components and systems. Based on these two variables, Figure 2.3
identifies four innovation models consisting of incremental, modular, architectural, and radical
innovation.
Core Concepts
Reinforced Overturned
r* Incremental Modular
o a 3 Q Unchanged
Unchange Innovation Innovation
U l Architectural Radical
U 0 ChangedCh e Innovation Innovation
Figure 2.3 - A Framework for Defining Innovation (Henderson and Clark 1990)
An incremental innovation is a minor improvement over existing state-of-the art
technology based on current knowledge and experience. Incremental innovations involve minor
changes within a component that do not significantly change the links to other components and
systems. The impact of incremental innovations can be anticipated fairly well due to their minor
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impact on other components and systems (Slaughter 1998). An example of an incremental
innovation is the introduction of improved admixtures to cement and aggregate for enhancing the
workability of concrete. In this case, the designer's concept of utilizing concrete for structural
purposes remains the same while the subcontractor's placement of form-work and steel
reinforcement is not be significantly impacted.
A modular innovation significantly changes the core concept within a component, but
does not change the links to other components and systems. Modular innovations may be
developed internally by an organization and implemented without significantly impacting parties
responsible for other components (Henderson and Clark 1990; Slaughter 1998). An example of a
modular innovation is the implementation of a card-access security system that controls the entry
of people into a facility. Subcontractors may install the component in a similar fashion to
traditional security systems without requiring input from other specialty subcontractors.
An architectural innovation is a small change within a component that significantly alters
the links to other components and systems (Henderson and Clark 1990). Although architectural
innovations do not significantly change the concept of the affected component, they require a
great deal of coordination between the parties responsible for other components and systems. An
example of an architectural innovation is the introduction of drilled caissons rather than pre-cast
piles for the foundation of a facility. In this case, the contractor drills into the soil and utilizes
concrete to displace a slurry mixture to form foundation piles for the facility. In the alternative
method, the contractor would be required to transport pre-cast piles to the site and pile drive into
the soil, requiring the resources of different materials and labor.
A radical innovation can be defined as a breakthrough in science or technology that has
the potential to change an entire industry (Marquisl988). Radical innovations significantly
change the core concept within a component and greatly alter the links between other
components and systems. While this sort of innovation is rare and unpredictable, the
implementation of photovoltaic and fuel cells has the potential to change the character and nature
of the power industry. In this case, the concept of power generation and consumption drastically
changes while the implementation of the system requires the coordination of multiple parties in
terms of system design by the architect and engineer and system installation by the general
contractor and subcontractors.
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A system innovation integrates multiple independent innovations that work together to
perform new functions and/or improve the facility performance as a whole (Slaughter 1998). An
example of a systemic innovation is the implementation of a raised floor mechanical and
power/data system in a facility. This innovation utilizes raised flooring components that integrate
adjustable diffusers, flexible power/data whips and boxes, and modular furniture. The
combination of these three innovations allows the occupant to obtain flexibility in the facility by
easily reconfiguring floor space as required.
2.2.1.3 Innovation Clusters
Slaughter and Shimizu (2000) reveal that it is common for innovations to cluster together
and be linked to other innovations. System, actualizing, and complementary links are three
general types of innovation clusters. A system link of multiple innovations is developed through
coordinated activities to achieve a new function or attain a greater level of performance. An
actualizing link of innovations enables innovation to occur through the implementation of one or
more other innovations. A complementary link of innovations provides additional benefits
resulting from the joint application of two or more innovations that function independently.
2.2.1.4 The Hypercube of Innovation
The hypercube of innovation refers to the classification of innovation based upon an
organization's position in the value-added chain (Afuah and Bahram 1995). The analysis is
important because an innovation may have a different impact on the innovating entity than it has
on the rest of the members of the innovation development and implementation team. For
example, an innovation may be incremental to the owner, but architectural to the designer. As a
result, the owner must take into consideration the different assessment of risk and reward that the
designer will have based on a higher degree of impact to its organization. In terms of a cost-
benefit analysis, the innovating entity must take into account cost, risk and investment
considerations against the expected benefits of innovation at all levels of the project team. This
model provides a basis upon which to pursue innovation and may be considered when structuring
the project team responsible for innovation development and implementation.
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2.2.2 Source of Innovation
Owners, designers, contractors and other project team members may all participate in the
development and implementation of innovation. While manufacturers and suppliers have
traditionally been credited as the major source of construction-related innovation (Slaughter
2000), general contractors and subcontractors have recently been found to also be significant
contributors toward construction-related innovation. Designers, including architects, engineers,
and consultants, may also act as sources of innovation during the early stages of the project in
response to strong client requirements.
Previous research shows that through the combined efforts of a team of progressive
organizations, rather than a single organization, innovative projects may be accomplished (Nam
and Tatum 1997). Dependent upon the role that is played by the key members of each
organization, firms may be classified into various types of organizations including the driving
force, technical collaborator, and innovation supporter. The organization that acts as the driving
force may be responsible for carrying an idea from conception and development through
implementation. The driving force may lead the innovation process and persuade other members
of the project team to participate. The technical collaborator, such as an architect or general
contractor, can provide technical expertise for the project after receiving instructions from the
driving force. The innovation supporter, who may act as the owner and have general background
knowledge regarding the technology associated with the innovation, may be responsible for
sponsoring and protecting the new idea. While it may be possible to derive several other
innovation roles, it is important to realize on a general level that such innovation roles do exist
and often influence the success of innovation development and implementation.
2.2.3 Development and Implementation of Innovation
Slaughter (2000) identifies six stages in the cycle of implementation for innovation
consisting of identification, evaluation, commitment, preparation, use, and post-use evaluation.
The identification stage consists of the clear specification of the organization and project
objectives and the identification of alternative solutions for achieving the objectives. In many
cases, innovation is developed during this stage in response to project objectives that can't be
satisfied with existing technology. The evaluation stage requires that alternatives be evaluated
while taking into consideration the objectives for the project. During this stage, innovation may
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be measured in terms of its ability to reduce design and construction costs, improve facility and
construction performance, and provide benefits to the team. After evaluation, the innovators
must make a commitment to the innovation by allocating resources for the implementation
process in the form of finances, personnel, equipment, and materials. In preparation for
implementation, individuals involved in implementing the innovation, the project team, and the
construction company must obtain resources and train personnel as necessary. To effectively use
the innovation once it is in place, adjustments and changes must be performed on site to optimize
the level of benefits that are obtained. Despite the challenges associated with assembling the
project team once the project is completed, the innovation must be evaluated during post-use in
terms of comparing expected outcomes versus realized outcomes. The success of the innovation
may also be evaluated in terms of satisfying organization and project objectives, and the
implementation team should be rewarded despite the outcome of the innovation.
The nature of the innovation dictates the implementation process according to the degree
of skills, expertise, and activities needed to implement the innovation (Slaughter 1998). In terms
of a strategy for implementing innovation into specific construction projects, specific activities
and resources must be allocated for the innovation. Critical aspects include the timing of the
commitment to use the innovation, the degree of coordination required among members of the
project team, the allocation of special resources including materials and equipment, and the
nature of the supervision required to oversee the implementation process.
Due to the nature of its predictable impact and negligible interaction with other
components and systems, incremental innovations may be implemented during any time of the
project without explicit coordination or special resources (Slaughter 1998). Modular innovations
require earlier commitment during the design or bidding and negotiation stages because
specifications for the innovation must be identified in the design scope. Although fewer special
resources are required, architectural innovations demand a wide range of commitment
throughout the project life cycle, an extensive amount of coordination between team members,
and an active role in supervision. A radical innovation requires commitment during the
feasibility stages of the project, coordination and supervision at the top management level, and
resources related to the scientific breakthrough. Finally, a system innovation may be
implemented with early commitment during the conceptual design stage, coordination during the
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earliest stages of the project, special resources related to integrating the innovation and active
supervision by top engineers and mangers.
2.2.4 Summary of Innovation Literature
In summary, an understanding of innovation theory provides a means of evaluating the
characteristics of an innovation, determining its impact on a project team and anticipating its
effect on a given project. Innovation literature also identifies various sources of innovation in the
construction industry and emphasizes the need for critical roles in the innovation development
and implementation process. This information is useful in identifying how an owner may foster
innovation in the context of the construction industry.
2.3 Innovation Mechanisms
Previous innovation literature focuses on characteristics of the innovation process, forces
prompting innovation, the role of individuals, and organizational influences in the context of
product and process innovations in manufacturing. The applicability of such research to the
construction industry is debatable given the fundamental differences inherent in each industry.
Specifically, there are unique characteristics present in most constructed products, including
issues of immobility, complexity, durability, cost, and high risk of failure (Nam and Tatum
1988). In addition, construction as a custom-order activity requires a high level of participation
from the buyers, or owners, who influence both design and construction processes over the
project life cycle. The construction industry is fragmented due to the need for numerous
specialized professionals subject to high complexity and risk of failure. Whereas manufacturing
integrates design and production within a single organization, construction separates the two
functions. The conservative nature of the construction industry, resulting from its costly nature
and high level of responsibility for public safety, discourages trial-and-error and provides a final
argument as to why innovation processes may be different in construction. The following section
attempts to link the concept of innovation into the construction industry despite the inherent
differences of the industry.
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2.3.1 Transaction Cost Theory & Organizational Competence
2.3.1.1 The Virtual Organization
Although unlikely the first thought from an owner involved in the construction industry, a
major issue to address is how to structure an organization to achieve innovation in construction
projects. In considering the transaction cost of design and construction as a prerequisite for
structuring internal versus external capabilities, the virtual organization offers a means of
creating temporary formal relationships between organizations to perform required work
(Chesbrough and Teece 1996). In this setting, the degree of centralization within an organization
will influence the incentive to take risks as well as the ability to control issues of conflict and
coordination. As the organization becomes more centralized, incentive to take risk decreases as
the ability to settle conflicts and coordinate activities increases. As the organization becomes
more decentralized, there is higher incentive to take risks, but activities are more difficult to
control and coordinate. Chesbrough and Teece (1996) argue that in order to organize for
innovation, managers must find the proper degree of centralization by carefully balancing this
trade-off between incentives and control. The essential question that must be answered is what
type of organization to form along a spectrum of large integrated organizations and small
"networked" organizations.
Selecting the proper organizational design depends on the nature of innovation being
developed and the capabilities needed to develop the innovation (see Figure 2.4). An
autonomous innovation is one that can be developed independently of other innovations. On the
other hand, a systemic innovation can only realize its full benefits in conjunction with associated,
complementary innovations. In terms of acquiring the necessary capabilities to develop the
innovation, the organization can either build relationships with suppliers of strong capabilities or
pursue technology on its own. In terms of the construction industry, virtual organization
literature is relevant in terms of the owner's decision to contract with external organizations as
an instrument for obtaining the capabilities needed to design and construct facilities.
Type of Innovation
Autonomous Innovation Systemic Innovation
Capabilities ... Exist outside GO VIRTUAL ALLY WITH CAUTION
Needed... ...Must be created ALLY OR BRING IN-HOUSE BRING IN-HOUSE
Figure 2.4 - Matching Organization to Innovation (Chesbrough and Teece 1996)
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2.3.1.2 The Owner's Role
An owner's approach to the design and construction process may also dictate the extent
to which the owner is involved throughout the life cycle of the project. The active role of the
owner in construction differs substantially from the passive role of the buyer in manufacturing
(Nam and Tatum 1997). As major participants in construction, the owner establishes the
mechanisms by which designers can communicate with contractors, makes decisions throughout
the execution of the project, and shares a portion of the risk with other team members. It is
suggested that both high levels of owner involvement and a strong commitment to innovation are
both critical elements for achieving better results in construction innovation.
The size and capabilities of an organization may also influence the likelihood of
innovation. In 1982, the Organization for Economic Co-operation and Development released a
report stating that larger organizations have more capacity to invest in innovation and tolerate
risk, whereas smaller firms are more likely to value technology and use simpler processes for
decision making (Nam and Tatum 1997). The finding supported the notion that organization size
plays an important role in the innovation process. Surprisingly, previous literature confirms that
smaller firms produce a greater proportion of innovation than larger firms due to their non-
bureaucratic structure and entrepreneurial personality.
In order for large companies to be innovative, it is suggested that a supportive
environment toward innovation will work better than exhaustive planning, burdensome
procedures, and extreme rationalism. One strategy for creating an innovative climate in a large
firm is to establish an organizational orientation of opportunity instead of cutting costs. A large
firm may also structure for innovation by allowing small teams to be led by a "champion" who
leads the innovation process and breaking down the organizational rigidity and bureaucracy that
act as a barrier to innovation. Because construction is a project-based activity that involves
multiple organizations, Nam and Tatum propose that enhancing a team spirit across
organizational and departmental lines by integrating design and production may foster
innovation. These strategies present alternatives to establishing organizational complexity,
rigidity, formalization and centralization that have been proven to hinder innovation.
Owners are notoriously conservative regarding technical issues in construction, which
may be explained in part by the costly nature of construction and the serious consequences of
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failure (Nam and Tatum 1997). While limited knowledge of technology is sometimes seen as the
cause of conservatism, a more progressive attitude toward innovation may result from a higher
level of technical competence. There are several practices an owner can take to enhance
technical competence. These include maintaining internal construction management groups,
retaining internal R&D capacity and performing design in-house, supplementing technical
competence by hiring consultants, maintaining a history of innovation, enhancing
professionalism in addition to technical expertise, and maintaining long-term relationships with
designers and contractors. Teece (1988) goes further to point out that the assets needed to
successfully develop and implement innovation, referred to as generic assets, specialized assets,
and co-specialized assets, may be adjusted in accordance with the nature of the innovation being
accommodated.
In addition to staffing construction expertise, Roberts and Fusfield (1981) identify five
informal roles needed within an organization that are critical in the development and
implementation of innovation. An idea generator is necessary for analyzing and synthesizing
information to generate an idea for improving an existing product or service. The champion or
entrepreneur is responsible for identifying, proposing and pushing the idea for approval from
management. The project leader must plan and coordinate the people and activities that are
involved in implementing the innovation. A gatekeeper must always scan, collect, and channel
information from internal and external environments to the appropriate parties. Finally, a sponsor
or coach is responsible for guiding and developing the innovation by allocating the resources
necessary for implementing the innovation.
2.3.2 Principal-Agent Theory
2.3.2.1 Integration
Whereas manufacturing focuses on integrating product design with the production
process, it is common for the construction industry to completely separate product design from
the production process (Tatum 1987). This separation of design and construction has arisen over
several years out of the need for specialized knowledge and a system of checks and balances. As
a result, the functions of the architect and general contractor are generally separate, and their
conflict of interests can lead to a lack of cooperation or adversarial relationships.
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As an alternative strategy to achieve innovation, organizational and information
integration can improve coordination and efficiency and provide a greater opportunity for
technological advancement (Nam and Tatum 1992). While there are several drawbacks to
vertical integration as discussed in previous sections, Nam and Tatum (1992) identify three
means of vertical integration for the construction industry. The mechanisms consist of
organizational integration, such as the utilization of the design-build delivery system,
contractual integration, such as the employment of a construction manager (CM) at Risk during
the design stage of the project, and information integration, such as the utilization of a project-
based web site used to supply a common computer database for multiple users to access, use and
update.
In addition, Nam and Tatum (1992) offer four non-contractual mechanisms for
integrating design and construction through the enhancement of information exchange. The
mechanisms include strong owner involvement and leadership, long-term business relationships,
integration champions, and professionalism. Because the owner essentially leads the project
team, owner involvement during the initial project stages through project execution influences
project integration and is overall favorable toward innovative projects. Long-term relationships
are vital in fostering an integrated environment, contribute to the process of successful
innovation, facilitate inter-organizational learning, enhance trust over price competition, and
foster the development of a higher degree of cooperation, flexibility and effectiveness.
Employing technical, business, and executive integration champions allows technical ideas to be
developed, incorporated into a business framework, and sponsored throughout the opportunity of
exploitation, respectively. Finally, the professionalism of the project participants can be used to
promote the mutual trust upon which team members cooperate toward the betterment of the
overall project.
Integration implies that if the contractor is brought on board during the early stages of the
project, then the knowledge of the contractor may be strategically used to achieve the overall
objectives for the project. Under the typical design-bid-build process, the designer has no way of
predicting who the contractor will be, and this lack of information can sometimes compel the
designer to only generate designs that are feasible to build by the majority of contractors.
Consequently, the designer may become reluctant to innovate out of the concern that the general
contractor will either refrain from bidding or submit excessive bid prices. This scenario may
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limit the potential for innovation (Nam and Tatum 1992). However, based on the strong
correlation between contractual integration and the successful implementation of innovation,
integration offers a means of establishing an environment conducive to successful construction
innovation. Unfortunately, previous literature offers no quantitative evidence to convince the
owner to adopt any of the measures for integration and surrender the benefits of a competitive
bidding environment.
2.3.3 Network and Team Theory
In addition to establishing the requirements for the project while taking into consideration
many complex issues, the owner may also consider building relationships with organizations that
are most capable of satisfying the needs of the owner. Powell et al (1996) suggests that in the
context of complex and dynamic industries with fragmented resources for expertise, such as the
construction industry, the concentration of innovation will occur in "networks of learning" rather
than in individual firms. In this case, organizations may achieve innovation by complementing,
rather than substituting, their internal capabilities with external collaborations. This configuration
provides benefits in terms of permitting internal competence to evaluate innovation performed
outside of the organization while providing access to knowledge that cannot be duplicated
internally through external collaboration.
By networking with designers, the owner may gain access to the designer's bank of
technology. The designer's bank of technology refers to object technology in terms of the tools
and equipment used in design, process technology regarding the process through which object
and knowledge are combined to create plans and specifications, and knowledge technology with
respect to construction materials, construction processes, restrictions, and design science (Nam
and Tatum 1989). These technologies are essentially responsible for supplying innovation in
construction during the early stages of the project. In terms of networking with contractors, it is
often difficult for some owners to access the contractor's bank of process technology given the
typical separation of design and construction functions (Nam and Tatum 1989).
The successful development and implementation of innovation may also hinge upon the
selection of the organizations that comprise the network. Under the common design-bid-build
delivery system, the selection of the designer is typically based on reputation while the selection
of the general contractor is predominantly based on price competition. As a result, an
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irreconcilability of goals can lead to a lack of cooperation between the designer and the producer,
decreasing the opportunity for innovation. As an alternative strategy, more interaction and
cooperation between the designer and the contractor as well as more favorable contractual
arrangements and financial incentives between the principal and its agents are identified as
mechanisms that enhance innovation.
In addition, the timing in which an organization becomes part of a network will dictate
the degree to which the organization can influence an innovation. For instance, Bidault et al.
(1998) examined vertical cooperation in which manufacturing buyers in assembly-based
industries involved suppliers at early stages in the product development and innovation process.
The adoption of Early Supplier Involvement (ESI), influenced by environmental pressures, social
and industry norms, and organizational choice, indicates that the early involvement of suppliers
can contribute to greater cost-effective ideas during the development process, mitigating risk
associated with the implementation process. Using this practice, the manufacturers are permitted
to make better use of the supplier's technological expertise over the long-term as a result of the
strong bond and trust that develops between the parties over time.
2.3.4 Project Scope
Based on the owner's designation of a competent individual or group of individuals
within the organization responsible for the facility procurement process, the owner typically sets
the requirements for the project. This is critical because the process of innovation typically
originates from the owner's requirements for a facility (Nam and Tatum 1989). While the
economic outlook, current technological progress, and business strategy and competitive position
of an organization all drive the owner's need for facilities, the owner must often rely on the
reputation and competence of consulting firms to satisfy such needs. The characteristics of
owner's demands are usually dynamic and typically require a criterion for safe, economic,
functional, and aesthetic facilities. While owners contract with design firms based on the firm's
reputation and technological competence in handling the owner's needs, it is important to realize
that design firms generally innovate to better meet the needs of the owner, rather than innovating
for the sake of innovation itself.
There are also some aspects of the project that the owner and its team cannot control,
such as project complexity. Problems associated with complexity are defined as uncertain issues
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that members of the construction industry cannot resolve with immediate applications of
technology, requiring the exploration of alternative technologies and the consumption of
resources (Nam and Tatum 1989). Problems may be related to unusual owner's demands, site
and weather considerations, constraints on the schedule or budget, or contractor-induced
changes. In essence, problems may technically challenge the designers as a prerequisite for
proposing and developing innovation in a construction project.
2.3.5 Mechanisms of Inter-firm Collaboration for Innovation
Although inter-firm collaboration at the project level was discussed in previous sections,
inter-firm collaboration that focuses specifically on the development and implementation of
innovation in construction projects is an important consideration that has yet to be significantly
explored. Because technological innovation requires multiple technological disciplines, market
and technical knowledge at early stages, and specialized technological skills, Chiesa and Manzini
(1998) emphasize the need to collaborate in order to access external sources of knowledge and
information. In addition, Goes and Park (1997) argue that the dispersion of technical
competence, growing complexity, and increasing uncertainty in the technical environment are
making it more difficult for independent firms to achieve innovation. Inter-organizational links
are described as an alternative strategy for enhancing innovation capabilities through shared
learning, the transfer of knowledge, and the exchange of resources between organizations. As a
result, the development and implementation activities associated with innovation will depend
very much on the owner's ability to establish, manage, and monitor the collaboration among
several project team members. The mechanisms established at the organization and project level,
such as super-ordinate goals, will encourage the project team members to collaborate not only
for the design and construction of the project, but also for the collaborative efforts needed to
achieve successful innovation.
2.3.6 Summary of Innovation Mechanisms
The purpose of the section on innovation mechanisms was to link the concept of
innovation into the construction industry. Consequently, the capabilities of the owner, the
owner's attitude toward risk and reward, the composition of the design and construction team,
project scope and mechanisms of inter-firm collaboration were mapped into the theory of
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innovation to derive the factors and mechanisms that permit the owner to enhance innovation
collaboration in construction projects.
2.4 Summary of Literature Review
In summary, it is possible to explore inter-firm collaboration at many levels of the
organization, project, and innovation. Specifically, a thorough literature review reveals that a
common thread exists between establishing factors and mechanisms of inter-firm collaboration at
the organization, project, and innovation levels. This commonality is presented in the same
format as the literature review. Transaction cost theory and the theory of competence may be
used to define the goals of the organization both in terms of the project and innovations in the
project. Principal-agent theory establishes the rules upon which the collaboration agreement is
founded in terms of allocating the risk and reward associated with innovation. Network and team
theories provide the criteria for establishing long-term relationships and trust between
organizations to innovate in a team setting. Theories of inter-firm collaboration and cross-
functional cooperation provide the means through which the owner implements the collaborative
effort, monitors the performance of its team, and introduces measures to resolve problems. All of
these issues not only address the dynamics associated with undertaking complex projects in the
dynamic construction industry, but also the environment in which innovative activity occurs as
described in the innovation theory.
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3 FRAMEWORK
The framework chapter contains the set of variables that are used to test the theories
presented in the literature review. Measurements of each variable were carefully identified in
order to test the theories of the literature in the context of the construction industry. The
independent variables consist of those items that the owner has ability to influence and control
over the course of the project. The dependent variables consist of those variables that are
generated as a result of influence by the owner or the project team.
3.1 Organization and Project Variables
Table 3.1 summarizes the set of organization and project variables presented in the
following section, which were used to describe the "nature" of the owner organizations and their
projects included in this study.
3.1.1 The Owners
3.1.1.1 Owner Organization Type
The type of owner organization defines its competence, capability and the region of
activities that the owner may be permitted to do in the context of design and construction. The
owner organization types for this research are governmental versus non-governmental, private
versus public, and for-profit versus not-for-profit, and further categorized as either private
sector/non-governmental or public sector/governmental entities. Distinguishing the owners by
these categories separates them according to their exposure to public procurement laws, in terms
of their ability to procure facilities based on the degree of restrictions to which they may be
subject to.
Another measurement of organization type consists of identifying the core competence of
the owner. For purposes of the study, owners were either categorized by their mission and core
competence as being either construction-related or non-construction-related. The differentiation
was made in order to determine and confirm whether or not construction-related organizations
are more in tune with the construction industry due to their high degree of involvement as active
participants.
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Owner Organization Type
I Governmental
Quasi-governmental
Private not-for-profit
Private corporation
Public corporation
Private Sector vs. Public Sector Private Sector / Non-governmental
Public sector / Governmental
Construction-relatedCore Competence Non-construction-related
0-2,500
Organization Size 2,500 - 5,000
(Number of Employees) 5,000 - 25,000
25,000 - 250,000
250,000 +
Local
Location of Physical Assets State / Regional
National
International
Residential
Office
Facility Type
Academic
R&D
Mixed-Use
Other
0- 25
Functional Life (Years) 26-4950- 100
100+
Facility performance
Initial cost
Life cycle cost
Aesthetics
Project Objectives Environment
Social
Construction performance
Construction schedule
Safety
Site Access
Transportation
Construction
Project Complexity Contractual
Social
Design
Management
Table 3.1 - Summary of Organization and Project Variables
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The Owners
The Projects
3.1.1.2 Organization Size
A second variable consists of the size of the owner's organization. The consideration of
organization size is important because it will influence the organization's demand for facilities.
As a result, organization size plays a critical role in determining the amount of physical assets
needed to support the organization's activities and the extent to which in-house design and
construction expertise may be needed to support the design and construction of the
organization's facilities. For purposes of the study, organization size was measured according to
the number of employees within the organization. The owners were then grouped according to
categories consisting of organizations employing less than 2,500 people, organizations
employing between 2,500 and 5,000 people, organizations employing between 5,000 and 25,000
people, organizations employing between 25,000 and 250,000 people, and organizations
employing over 250,000 people.
3.1.1.3 Location of Physical Assets
The geographical distribution of the owner's physical assets determines the location of
construction projects, and may also help determine if the occurrence of innovation is limited to a
specific location or take places consistently throughout remote locations. Each owner was
categorized in terms of geographical distribution on a local, state/regional, national, and
international level.
3.1.2 The Projects
The "nature" of the projects undertaken by the owners investigates how each of the
projects may be influenced by the characteristics of the owner. Specifically, each owner may
have very diverse intentions for the facilities that are procured. As a result, facility type,
functional life, facility objectives and complexities for the project may distinguish the scope for
each of the projects.
3.1.2.1 Facility Type
Each project was classified according to its type. For purposes of the study, the major
categories consisted of residential, office, academic, research and development (R&D), mixed-
use, and others.
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3.1.2.2 Functional Life
The functional life of a facility, which may vary in accordance with the function of an
organization, dictates the owner's involvement over the project life cycle and influences the
owner's attitude in terms of establishing the overall scope for the project. For example, an
organization that procures a project with the sole intention of divesting the facility at the end of
construction will have a short-term interest in the facility. On the other hand, an organization that
procures a facility and turns the project over to an internal operation and maintenance department
to operate and maintain the facility over its life cycle will have a long-term interest in the project.
Although functional life may be determined according to the systems incorporated into the
facility, this study based the definition of the term on the number of years that the owner
intended to utilize the facility before requiring substantial renovation to accommodate changing
needs for the facility. The primary measurements of functional life consisted of 0-25 years, 26-49
years, 50-100 years, and over 100 years.
3.1.2.3 Project Objectives
Project objectives are overriding requirements established by the owner that essentially
drive the design and construction of a facility. The categories of project objectives are facility
performance, initial cost, life cycle cost, aesthetics, environmental issues, social aspects,
construction performance, construction schedule, and safety. Facility performance refers to
minimum performance criteria for the final constructed facility such as system efficiency, spatial
flexibility, and product life. Initial cost refers to tight limitations on the budget that require
value-engineering measures to derive the final product. Life cycle cost takes into consideration
the initial cost of a facility component or the facility itself as a function of financial payback over
a given number of years. Aesthetics place a high value on the architectural merit of the
constructed facility. Environmental issues refer to ecological or site-related considerations that
the project specifically addresses. Social objectives address political factors that may influence
the project such as satisfying the voice of community groups and occupants who will ultimately
use the facility. Construction performance refers to the quality or performance of construction
activities during the construction process. Construction schedule pertains to projects that were
influenced by limited time constraints or the complex phasing of construction. Finally, safety
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consists of extra measures that are undertaken during the construction process to prevent danger
and protect the safety of the construction workers.
3.1.2.4 Project Complexity
Project complexity is a variable that refers to the prevailing challenges associated with
the project that the project team must address and resolve throughout the design and construction
of the facility. Dodd (2000) identified five categories of project complexity including site access,
transportation, construction, contractual, and social. For purposes of this study, design and
management complexities were also identified. Site access complexity refers to difficulties
associated with entering the actual site where construction activities must take place such as a
site located next to an existing adjacent structure. Transportation complexity describes a project
in which hauling construction materials and equipment is challenging due to restrictions such as
limited access or weight requirements. Construction complexity involves the performance of
construction activities under non-conventional methods. Social complexity refers to political
factors that impact the project such as opposition from neighborhood groups during the public
approval process. Design complexity describes the creation of a facility that utilizes layouts,
systems, or products that are non-conventional in the context of the project type. Management
complexity addresses unique problems associated with managing the project team such as issues
confronted with international team members performing work in the United States.
3.2 Innovation Variables
The innovations identified in the study were defined as the dependent variables that were
generated as a result of the influence by the owner and the project team. Table 3.2 summarizes
the set of innovation variables presented in the following section, which were used to describe
the "nature" of the innovations discovered in this study.
3.2.1 Classification of Innovation
Each of the innovations identified in the study were mapped according to innovation type
and innovation model as a means of determining the impact of the innovation on each of the
project team members.
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Classification of Innovation
Innovation Type
S Product
No Impact
Incremental
Innovation Model Modular
Architectural
Radical
System
System
Innovation Clusters
Complementary
Occupant
Owner
Owner Representative
Source of Innovation Consultant
Innovation Roles Innovation Design Team Architect
Innovation Implementation Team Engineer
GC / CM
Subcontractor
3rd Party / Supplier
.PlannedPlanned vs. In-progress Innovation
In-Progress
Development and Implementation Opportunity
of Innovation Response to Project ObjectiveReason for InnovationRepnetPrjcObcivSolution to Project Complexity
Solution and Complexity
Table 3.2 - Summary of Innovation Variables
3.2.1.1 Innovation Type
While innovation literature classifies innovation in terms of either a product or process
innovation, design and management innovations were created for purposes of the study to adapt
innovation theory in the context of the construction industry. In the study, a product innovation
was defined as a material or physical object incorporated into the facility. A process innovation
was defined as a change in the design or construction process. A design innovation refers to an
innovative layout or configuration for the facility. A management innovation refers to a change
in administrative procedures during the design and construction process.
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Process
Design
Management
Actualizing
3.2.1.2 Innovation Model
The model of innovation determines the impact of the innovation on each of the project
team members under a degree of uncertainty. Each innovation was evaluated in terms of its
impact on the owner, architect and contractor. The measurements of the degree of impact as a
result of innovation consisted of no impact, incremental, modular, architectural, radical, and
system models.
3.2.1.3 Innovation Clusters
Innovation clusters were identified in the projects in order to analyze how the project
team can develop and implement a multiplicity of innovations that are linked to one another.
Clusters of innovation were categorized in terms of system, actualizing, or complementary links.
3.2.2 Innovation Roles
For purposes of this study, the role of each of the team members involved in the
development and implementation of innovation was identified. Because the development and
implementation of innovation often requires the involvement of multiple team members who
perform a variety of responsibilities, several key roles were identified. The roles include the
innovation source, innovation design team, and innovation implementation team. The innovation
source is defined as the team member who identifies or requires the concept of innovation to be
developed and implemented. The innovation design team is defined as the team members who
take initiative, evaluate alternatives, and commit resources necessary for the innovation and
supply the technical knowledge needed to develop and implement the innovation. The innovation
implementation team is defined as the team members who are responsible for coordinating the
activities required to achieve the innovation.
3.2.3 Development and Implementation of Innovation
3.2.3.1 Planned vs. In-Progress Innovation
The planning of innovation allows the team members to consider alternative solutions,
formulate a decision, and commit the resources necessary for innovation. The study categorized
each innovation as either planned or in-progress (Seaman 2000). A planned innovation refers to
the establishment of an early requirement for developing the innovation and an early
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commitment of the resources for implementing the innovation. An in-progress innovation refers
to the development and implementation of innovation during which originally planned methods
for the project were already underway.
3.2.3.2 Reason for Innovation
The study investigated the motive behind innovation and the willingness of the project
team members to innovate. The measures consisted of classifying each innovation in terms of an
opportunity to innovate for no obvious reason, a response to a project objective or super-
ordinate goal, a solution to a project complexity, or an accomplishment of both.
3.3 Innovation Mechanisms
Table 3.3 summarizes the set of innovation mechanisms presented in the following
section, which were used to measure the impact of such variables on the owner's ability to foster
the development and implementation of innovation on their construction projects.
3.3.1 Owner Capabilities
The manner in which the owner structures itself in the context of the construction
industry will rely on several factors. These factors include the type and size of the organization,
the geographical extent of the organization and its physical assets, and the length of time in
which the organization intends to utilize resources from the design and construction industry.
While the majority of organizations are limited in terms of their ability to change many of these
factors, most owners often have significant control over the decision to acquire internal design
and construction competence. The owner's decision to vertically integrate design and
construction activities within its organization is generally influenced by the transaction cost
associated with the procurement of projects. In turn, the owner's degree of vertical integration
often dictates such issues as the degree of owner involvement and commitment over the life
cycle of the project.
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Owner Capabilities
Owner Approach
Team Composition
I I Outsourced to an external organization
Investment in Design and
Construction
Outsourced to an external design and
construction division within same organization
Supported internally by an in-house design and
construction department
None
Internal Design and Construction Some
Competence Some
Extensive
None
Owner Involvement and Commitment Partial
Full
Construction Audit
Project Delivery Method
Non-Audited
Audited
General Contractor / Design-Bid-Build
CM as Agent / Design-Bid-Build
CM at Risk
Multiple Prime
Design -Build
Turnkey
Build-Operate-Transfer
Lump Sum
Unit Price
Contract Type Cost-Plus-Percentage
Cost-Plus-Fee
Guaranteed Maximum Price (GMP)
Competitive Bid
Award Method Hybrid
Negotiated
Contract Incentives
Open
Team Member Search
Negative (liquidated damages)
Positive (cost-sharing)
Closed
Negotiated
None
GC/CM Pre-Qualification Letter of Credit / Corporate Guarantee
Bonding
Qualifications
Time
Team Member Selection Pice
Price
Best-Value
New
Team Member Relationships Stable
Strong
Repeat Projects Repeat
Non-Repeat
Team Member Timing and
Commitment
Early
Late
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Facility type
Functional life
Project Scope Project Scope Project objectives
Project complexity
Facility Performance
Initial Cost
Life cycle cost
Facility Super-Ordinate Goals Aethecs
Aesthetics
Environment
Social
Construction performance
Construction Super-Ordinate Goals Construction schedule
Environment
Safety
Informal
Rules & Procedures formal
Formal
Mechanisms of Inter- CityFirm Collaboration
State
Physical Proximity NtoaNational
International
Owner
Co-Location Owner's Agent
A/E
No partnering
Partnering Informal partnering sessions
Formal partnering consultant
Traditional
Communication Video and web-conferencing
Project-based web sites
Table 3.3 - Summary of Innovation Mechanisms
3.3.1.1 Investment in Design and Construction
The first variable that is important in the context of transaction costs and vertical
integration is the degree of investment in construction versus the degree of outsourcing for the
procurement of design and construction services by the owner. A high degree of vertical
integration requires the owner to invest substantially in design and construction-related resources
such as materials, equipment, and personnel, but will entail lower transaction costs for design
and construction projects. A low degree of vertical integration allows the owner to contract with
other organizations for design and construction resources, but has higher transaction costs for
design and construction. In the context of the study, the owners were measured and grouped
according to their degree of investment in design and construction. The general measurements
consisted of design and construction resources outsourced to an external organization,
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outsourced to an external design and construction division within the same organization, or
supported internally by an in-house design and construction department. Each measurement was
further evaluated in terms of frequency of innovation to determine the extent to which an owner
should invest in design and construction to achieve innovation in construction projects.
3.3.1.2 Internal Design and Construction Competence
The extent to which an owner invests in design and construction will influence the level
of design and construction competence possessed by the owner. For example, owners that
primarily outsource the procurement process may only staff a few experienced individuals to
manage the process. On the other hand, an owner that actively participates in the procurement
process and invests substantially in design and construction may have several architecture,
engineering, and construction professionals staffed within an internal department. This degree of
in-house design and construction competence measures an organization's ability to program
design and construction tasks and to evaluate the outcome of the completed tasks during the
facility procurement process. In terms of innovation, design and construction competence can
assist the owner in evaluating alternative solutions, developing technology associated with an
innovation and managing the innovation implementation process by a multiplicity of project
team members.
For purposes of the study, an extensive degree of design and construction competence is
the existence of a separate department staffed with several architecture, engineering, and
construction professionals with the primary purpose of overseeing and managing design and
construction projects. Some degree of design and construction competence constitutes one or
more individuals within an organization designated with the task of overseeing and managing
design and construction projects. No degree of design and construction competence may be
defined in terms of an organization with zero employees specifically allocated to only design and
construction projects.
3.3.1.3 Owner Involvement and Commitment
Each owner was evaluated in terms of its direct involvement in the planning and
programming, design and engineering, construction, and operation and maintenance stages of the
project life cycle. Dependent upon the level of participation of the owner, each organization was
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classified on the basis of none, a partial or a full degree of involvement and commitment over
the project life cycle. Specifically, a mode of ful involvement and commitment required that the
owner act as an active participant over all phases of the project life cycle. Cases of partial
involvement and commitment involved the owner turning over aspects of the project to other
organizations for that particular phase of the project. No involvement and commitment entailed
that the owner relies on external organizations for all aspects of the project, such as often in the
case of a building tenant. Owner involvement and commitment was evaluated in terms of
innovation frequency to determine the extent to which the role of the owner, as an active project
participant, influences the development and implementation of innovation.
An owner's involvement in the financial auditing of construction is one measure of the
involvement and commitment of the owner over the course of the project. Each of the projects
was characterized as either audited or non-audited. An audited project entailed that the owner
evaluated and monitored the cost of construction relative to construction progress on an open-
book policy with the contractor. A non-audited project entailed that the owner or its agent only
verified construction progress irrespective of the actual costs incurred by the contractor.
3.3.2 Owner Approach
3.3.2.1 Project Delivery Method
In the setting of a multi-organizational project team, the project delivery method defines
the formal delegation of the tasks and responsibilities of each of the agents (Barrie and Paulson
1992). The project delivery method selected by the principal also determines the formal
organization of the project team and dictates the type of business entity that the owner will sign a
construction contract with. In the context of the study, delivery methods consisted of general
contractor/design-bid-build, construction manager at risk (CM @ Risk), construction manager
as agent (CM as Agent), multiple prime, design-build, turnkey, and build-operate transfer. Each
delivery method was evaluated in terms of innovation frequency to determine the extent to which
the organization of the project team and the designation of responsibility influence the
development and implementation of innovation across multiple disciplines.
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3.3.2.2 Contract Type
The contract is the "formal mechanism for allocating costs, benefits and risk between an
owner and contractor" (Barrie and Paulson 1992). In other words, the contract type selected by
the principal dictates how the principal will compensate its agents under a given set of
responsibilities, tasks, and uncertainties. The choice of contract is typically dependent upon
factors including the degree to which the work is defined, the desired allocation of risk between
the principal and its agents, and the degree of owner competence and commitment to the project.
In the context of the study, project contracts between the owner-architect and owner-contractor
were categorized as fixed price (outcome-based) including lump sum and unit price contracts,
reimbursable (behavior-based) including cost-plus-percentage and cost-plus-fee contracts, or
hybrid including the guaranteed maximum price (GMP) contract. Each contract type was
evaluated in terms of innovation frequency to determine the extent to which the allocation of risk
and reward from the owner to the members of the project team affects the development and
implementation of innovation in an environment of project and innovation uncertainty.
3.3.2.3 Award Method
Apart from contracts, the award method is the method that is used to determine the price
for the project (Gordon 1994). Due to the unique "one-off' nature of construction projects, the
price for the project may be difficult to determine. Obviously, the owner will wish to obtain the
highest value for the most reasonable price. For purposes of the study, competitive bidding and
negotiation were considered as the two opposite ends of the award method spectrum, with a
hybrid method located in between. Competitive bidding allows the owner to reach into the
marketplace as a means of obtaining a fair market price, which is often the main factor
associated with bidding. On the other hand, negotiation allows the owner to obtain a fair price
for the project by directly negotiating with one or several contractors. A hybrid method allows
the owner to competitively bid some portions of the project while negotiating others. Each award
method was evaluated in terms of innovation frequency to determine the extent to which an
emphasis on project cost impacts the likelihood of innovation under circumstances in which the
actual cost of innovation may be difficult to assess prior to construction.
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3.3.2.4 Contract Incentives
An owner may utilize incentives to adjust the contractor's compensation based on an
assessment of its performance. Incentives also provide a strategy for effectively aligning the
construction goals of the contractor with the overall project goals of the owner. There are two
types of incentive provisions including negative clauses and positive clauses. An example of a
negative incentive is the penalty and liquidated damages clause that penalizes the contractor for
less-than-targeted performance. Examples of positive incentives include the bonus or cost-
savings sharing clause that reward the contractor for better-than-targeted performance. The study
investigated each type of incentive in the context of the projects in order to determine the impact
of contract incentives on motivating the project team to innovate on behalf of the owner.
3.3.3 Team Composition
3.3.3.1 Team Member Search
Once the owner identifies the need for a new facility and structures itself accordingly, the
organization must search for agents to provide design and construction services. This assumes
that the transaction cost of designing and constructing a new facility may be reduced by hiring an
architect and contractor to provide design and construction services rather than performing the
services in-house. There are several options available to the owner in terms of searching for its
agents. In the context of the study, the agent search was classified in terms of open, closed, or
negotiated. An open invitation was defined as an advertisement to the entire designer or
contractor community for the solicitation of design or construction services, allowing any
professional to participate. A closed invitation consisted of the owner approaching a limited
number of designers or contractors for solicitation of services, allowing only a select few
professionals to participate. A negotiated search consisted of the owner approaching only one
designer or contractor for services, thereby eliminating the competition between organizations to
secure the project. Team member search was evaluated to determine the extent to which the
selective elimination of qualified design and construction professionals impacts the rate of
innovation whereby the owner relies on the skill and expertise of the project team to introduce
and achieve innovation on a project.
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The pre-qualification of the GC/CM is a procedure that allows the owner to narrow the
marketplace by requiring bidders to satisfy minimum levels of experience, reputation, and/or
financial strength. The purpose of pre-qualification is to seek only those contractors who are
qualified to bid on the project. By requiring a letter of credit, corporate guarantee or minimum
bonding criteria, the contractors that are unable to satisfy the financial requirement are
eliminated from bidding on the project. In addition, the owner is able to select the appropriate
contractor from a pool of organizations who have the financial backing necessary to complete the
project in the event that they are incapable of executing the project. For purposes of the study,
contractor pre-qualification was classified in terms of no pre-qualification, a letter of
credit/corporate guarantee, or minimum bonding capacity. The pre-qualification of the GC/CM
was evaluated to determine if the rate of innovation is affected by an owner's trust in an
organization to perform, as evidenced through the elimination of pre-qualification requirements,
versus an owner's skepticism in an organization, as evidenced by the requirement of a
performance guarantee.
3.3.3.2 Team Member Selection
Once the owner establishes its initial pool of design and construction resources, the next
step is to select the proper agent. Again, there are several options available to the owner upon
which to base its selection. For purposes of the study, agent selection was categorized on the
basis of qualifications, time, price, or a combination of these factors in the form of a best-value
procurement. Qualifications refer to the selection of the designer or contractor based solely on
the quality of the organization evaluated on merits such as experience and reputation. Time refers
to the selection of the designer or contractor based solely on the time that it would take for the
professional to perform services. Price refers to the selection of the designer or contractor based
solely on the cost of the services that would be provided. Best-value procurement refers to the
selection of the design or construction professional based on combination of two or more of the
above listed factors. Team member selection was evaluated in terms of innovation frequency to
determine the extent to which an owner's criteria for project team selection impacts the rate of
innovation by strategically balancing commodity versus service.
66
3.3.3.3 Team Member Relationships
Three relationships are investigated between the members of the project team in the
context of innovation. The team member relationships include the owner-architect relationship,
the owner-contractor relationship, and the architect-contractor relationship. The degree of each
relationship is categorized in terms of new, stable, or strong. A new relationship refers to a
relationship in which the project team members had never worked together previously. A stable
relationship refers to a relationship in which the project team members had worked together on
one or more projects over several years. A strong relationship refers to a relationship in which
the project team members had not only worked together previously, but also maintained a solid
working relationship i.e. through a continuing contract basis or status as an "in-house" firm.
Team member relationships were analyzed in terms of innovation frequency to determine if the
trust and bond that develops between an owner and project team member allows innovation to
occur more or less often.
A repeat project is a variable that measures the owner's intention of having project teams
work together over several similar projects. As the members of the project team familiarize
themselves with one another, it is believed that continuing relationships in a similar project
environment will allow organizations to enhance teamwork and appropriate the benefits of
innovation over a long period of time. The study differentiated each of the projects on the basis
of either repeat or non-repeat. Repeat projects were analyzed to determine if owners who allow
the same project team members to benefit from innovation over the long term contribute to a
higher degree of innovation than owners who utilize different project team members despite the
fact that the projects may be similar in nature.
3.3.3.4 Team Member Timing & Commitment
The timing and commitment of the agent dictates the agent's level of involvement over
the life cycle of the project and influences the agent's ability to control and monitor the
innovation process. In terms of measurement, the timing and commitment of the agent may be
identified as either early or late. In the context of the designer, early entry was defined as the
introduction of the architect to the project prior to the establishment of the final project budget.
Late entry was defined as the introduction of the architect to the project after the establishment of
the final budget for the project. In terms of the construction entity, early entry was defined as the
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introduction of a construction manager (at risk) to the project prior to the completion of final
facility design. Late entry was defined as the introduction of a general contractor to the project
after the completion of the final design for the project. Team member timing and commitment
was evaluated to determine if the time in which the designer or contractor is introduced to the
project bears an impact on the team member's ability to propose or execute an innovation when
certain aspects of the project are already underway.
3.3.4 Project Scope
Project specifics were explored to determine the impact of inherent challenges in the
project on innovation development and implementation. Specifically, innovations were measured
across each facility type to determine if certain types of facilities are more conducive to
innovation than others. The impact of functional life on innovation was explored to examine the
relationship between frequency of innovation and the length of time over which the owner
realizes the benefits of innovation. The correlation between project objectives and the frequency
of innovation was measured to determine the extent to which requirements for the project
challenged members of the project team to address or propose innovation to satisfy the
objectives. Finally, the relationship between project complexity and innovation was evaluated to
determine the extent to which members of the project team proposed innovation to solve
complexities in the project.
3.3.5 Mechanisms of Inter-Firm Collaboration
3.3.5.1 Super-Ordinate Goals
Super-ordinate goals are "goals that are urgent and compelling for all groups involved but
whose attainment requires the resources and efforts of more than one group" (Pinto et al. 1993).
Researchers have shown that the introduction of super-ordinate goals into an adversarial
environment may enhance cooperation through a shared common goal, thereby reducing conflict
between organizations and individuals. In the context of the study, a super-ordinate goal was
defined in terms of a profound emphasis on an extreme condition or compelling objective outside
of the customary realm of construction-related goals for the project that could only be achieved
through the cooperation of multiple organizations. Super-ordinate goals were classified in terms
of super-ordinate goals for the facility and super-ordinate goals for construction. Categories of
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facility super-ordinate goals consisted of facility performance, initial cost, life cycle cost,
aesthetics, environmental, and social. Categories of construction super-ordinate goals included
construction performance, construction schedule, environmental, safety. Super-ordinate goals
were evaluated to determine the extent to which the alignment of the project team toward a
single common goal affects the development and implementation of innovation under
circumstances in which members of the project team may have an alternative self-interest, such
as an aversion to innovation.
3.3.5.2 Rules and Procedures
Rules and procedures refer to the degree to which activities or tasks of the project team
are mandated, controlled, and enforced. As a mechanism for integrating or coordinating activities
across organizational boundaries, rules and procedures may be established at the organizational
level and project level. Generally, as an organization becomes more complex, the effectiveness
of formal rules and procedures diminishes, while at the project level, teams generally need to
have a degree of autonomy to facilitate their work (Pinto et al 1993). Accordingly, the study
analyzed rules and procedures at both the organization and project level on the basis of either
formal or informal. An example of formal rules and procedures are strict guidelines, such as
mandates established by law, issued by the owner for the project team to adhere to, or deal with
firm consequences. An example of informal rules and procedures consist of a loose set of
guidelines issued by the owner to simply provide direction for the members of the project team
and foster creativity in the project. Rules and procedures were analyzed in terms of innovation
frequency to determine the extent to which the establishment of owner policies restricts or
promotes innovation by the project team.
3.3.5.3 Accessibility
3.3.5.3.1 Physical Proximity
Physical proximity is a measure of the physical distance between project team members
as a factor that influences the interaction and communication between individuals. The study
investigated the proximity of project team members relative to the project site on the basis of
city, state, national, and international proximity as a determinant of cross-functional cooperation
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for innovation. Specifically, physical proximity tested the need for the project team to be near the
project site during the innovation implementation process.
3.3.5.3.2 Co-Location
Co-location measures the degree to which significant project team members interact with
each other for purposes of cooperation during the construction process. Co-location also provides
a measurement of the accessibility of each of the project team members in terms of the ability to
approach or communicate with one another. An example of co-location is the permanent
assignment of the owner and/or architect with the contractor on the construction site. For
purposes of the study, co-location was measured in terms of placing the owner, agent of the
owner, and/or architect full-time on the job site during construction. Co-location was examined
to determine the impact of the permanent location of project team members, including the owner,
architect, and contractor, on the construction site during the innovation implementation process.
3.3.5.4 Partnering
Partnering measures the degree to which the owner attempts to foster a team setting for
purposes of cooperation. Partnering offers a strategy for allowing the team members to escape
the fine details of the project and gain an overall view of the big picture as a means of fostering a
shared common goal. Degrees of partnering consist of no partnering, conducting informal
partnering sessions, or hiring a formal partnering consultant. Varying degrees of partnering
were investigated to determine the impact of organizational goal alignment on the project team's
ability to innovate within and across separate organizations.
3.3.5.5 Communication
Varying degrees of communication were investigated to determine the impact of
information transfer on the project team's ability to innovate within and across separate
organizations. For purposes of this study, traditional means of communication is the transfer of
information via telephone, weekly and daily meetings, e-mail and facsimile. A project-based
web site is a mode of communication that allows each of the project team members to digitally
communicate through a common information database. This tool also provides access to process
and outcome accountability information relative to identifying, monitoring and regulating each
individual's contribution to the group as a means of enhancing cooperation between firms. Video
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and web-conferencing is a mode of communication that allows each of the project team members
to digitally communicate simultaneously when organizations are geographically dispersed over
large distances. This study explored the use of traditional communication tools, project-based
web sites and conferencing in the context of the projects as a means of fostering innovation in a
cooperative setting.
3.4 Summary of Framework
In summary, the framework chapter presents the variables used to test the theories
discovered in the literature review. Measurements and categories of each variable were carefully
identified in order to apply the principles in the literature review directly to the construction
industry. The factors that the owner had ability to influence and control over the course of the
project were defined as the independent variables. The factors that were generated as a result of
influence by the owner or the project team were defined as the dependent variables. These
variables were instrumental in the process of conducting semi-structured interviews as described
in the Methodology in Chapter 4 and were useful in analyzing the owners and projects as
presented in the Results in Chapter 5.
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4 METHODOLOGY
4.1 An Empirical Study
The intent of this research is to provide a guideline for owners who wish to incorporate
innovations into their projects. In order to identify the factors and mechanisms that permit the
owner to enhance innovation collaboration between multiple organizations, the research utilizes
empirical data gathered from real owners on real construction projects. The information obtained
in the study is based on the actual experiences of the members of the project team, and provides
valuable insight into the influence of the owner in terms of the dynamics a construction project.
Collected data was organized into case studies and evaluated using simple statistics to determine
the factors and mechanisms that permit the owner to foster innovation development and
implementation in building construction.
4.1.1 Literature Review
One of the first steps in the research consisted of obtaining and reviewing existing
relevant literature regarding inter-firm collaboration for innovation development and
implementation in the context of the construction industry. The review included the areas of
competence, organization, transaction cost, network, principal-agent, team, inter-firm
collaboration, and innovation theory. The Literature Review in Chapter 2 summarizes the basic
concepts discovered during the review of existing literature that are important in the context of
this study. Once a thorough review of existing literature was performed, it was then possible to
develop an outline of factors included in the Framework in Chapter 3 as variables that influence
inter-firm collaboration for innovation development and implementation in building
construction. A hypothesis of expected results for each of the variables was produced prior to
commencing the interview process, thereby allowing theory to be simultaneously developed and
tested throughout the course of the study.
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4.1.2 The Data Sample
4.1.2.1 Owner Selection
Given the problem of determining the owner's role in inter-firm collaboration for
innovation development and implementation in building construction and general background
knowledge of previous literature, the next step consisted of identifying owners for purposes of
the study. The research specifically focused on identifying several "smart" owners based on the
assumption that owners with a high degree of design and construction expertise that build
frequently would have projects with a higher degree of innovation in construction. In addition, it
was assumed that owners with a long-term interest in the performance and value of facilities
would have the opportunity to realize the benefits of innovation over the life cycle of the facility,
thereby contributing to a higher standard of facilities with a greater frequency of innovation. The
research initially targeted five to seven types of sophisticated owners to analyze the varying roles
of multiple organizations in the construction industry. The major criteria for owner selection
consisted of identifying proactive owners with multiple project experiences who demonstrated a
considerable interest in innovation.
4.1.2.2 Project Selection
In conjunction with searching for owners, information was gathered from articles in order
to obtain a feeling for the general sample of projects where innovation was apparent. This
procedure allowed the study to determine if diversity, such as facility location or type, influenced
the degree of innovation in construction. The search also allowed the original sample of owners
to be narrowed down to five organizations. In accordance with seeking a set of five to seven
projects for each owner, a contact was made within each organization to ascertain a list of
projects that would have the highest probability for the presence of innovation.
There were three major criteria for project selection. The first criteria consisted of
identifying current or recent occupied facilities in the United States that had been developed
within the past three years. Secondly, the search targeted newly constructed or rehabilitated
facilities of significant size. The final consideration comprised the selection of construction
projects with tight schedule constraints or high-performance requirements for the construction
process and/or the facility itself. It was assumed that projects that met the above criteria would
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provide important information about teams that develop and implement product and process
innovations in the construction industry.
4.1.3 Data Collection
Each owner was contacted by mail to introduce and describe the topic of the study,
explain the objectives of the research, and stimulate interest for participation in the project.
Based on the verification of each owner's experience in innovative construction projects and an
agreement to participate in the research, a list of candidate projects was compiled. A list of the
owner's representatives for each of the respective projects was also generated in preparation for
interviews.
4.1.3.1 The Interview Process
Based upon existing literature, an understanding of critical variables, and an extensive
investigation into influential owners and state-of-the-art projects in the construction industry, a
structured outline of strategic questions was generated to gather information during semi-
structured interviews. The hypothesis of expected results provided a useful tool for drafting and
narrowing down appropriate questions. Semi-structured interviews were initially performed with
primary team members, or the representatives of the owner, to collect information about the
owner's organization, gather the "story" behind each of the construction projects, and identify
innovations within each of the facilities. During the initial interview, permission from each of the
owner's representatives was obtained to allow access to the other members of the project team.
Permission to interview the secondary team members, including the architect, contractor, and
other key team members, was sought to verify innovations developed and implemented in the
project, explore the nature of the team collaboration, and identify the formal and informal
mechanisms employed by the owner to enhance the innovation process.
4.1.3.1.1 Primary Interviews
A primary interview was conducted in a semi-structured format either over the telephone
or in person with the owner's project manager or designated representative for each of the
projects. Table 4.1 identifies the owner's representatives who were interviewed for each of the
projects in the study.
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PROJECT ORGANIZATION NAME POSITION
Baker House M.I.T. Susan Personette, A.I.A. Project Manager
Sports & Fitness Center M.I.T. John Hawes, R.A. Project Manager
Director of CapitalUndergraduate Residence M.I.T. Deborah Poodry, R.A. PrectsProjects
Stata Center M.I.T. Nancy Joyce Project Manager
Media Lab Expansion M.I.T. Susan Personette, A.I.A. Project Manager
Sampson & Mahan Halls U.S. Naval Academy Mark Smith, P.E. 
Renovation
Program Manager
Bancroft Hall U.S. Naval Academy Mark Smith, P.E. Renovation
Program Manager
Electromagnetic Facility N.U.W.C. Russell A. Racette, III Program Manager
Combat Systems Facility N.U.W.C. Russell A. Racette, III Program Manager
Weapons Laboratory N.U.W.C. Russell A. Racette, III Program Manager
Undersea Battle Facility N.U.W.C. Russell A. Racette, III Program Manager
Terminal E Mass. Port Authority Kenneth F. Johnson, Jr., P.E. Project Manager
Terminal B Mass. Port Authority Russ Ames, R.A. Project Manager
Central Garage Expansion Mass. Port Authority Stephen Marshall, P.E. Project Manager
Woodfield Preserve Hines Jonathan Brazier, P.E. Project Manager
O.C. World Headquarters Owens Coming Jim Eckert Facilities Manager
G.M. World Headquarters General Motors Leonard P. Marszalek, A.I.A. Facilities Manager
Table 4.1 - Primary Interviews
4.1.3.1.2 Secondary Interviews
Secondary interviews were also conducted in a semi-structured format either over the
telephone or in person with the other members of the project team for each of the projects. Table
4.2 identifies the other project team members who were interviewed for each of the projects in
the study.
4.1.3.2 Case Studies
Once the primary and secondary interviews were completed, the acquired information
was then assembled into owner descriptions and project case studies in the format presented in
Appendix B. Information pertaining to each owner consists of a brief description of the
organization, its location and physical assets, and degree of in-house design and construction
competence. Its organizational structure and general procedures for design and construction are
also discussed. For each project, case study information includes a brief description of the
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project, an organizational chart of the project team members, a project timeline of constraints and
responses, and a summary of identified innovations in the project.
PROJECT ORGANIZATION NAME POSITION
Baker House Perry Dean Rogers David Fixler Project Architect
Baker House Kennedy & Rossi, Inc. Tom Comeau Vice-President
Sports & Fitness Center Sasaki & Associates Jose Garcia Production Architect
Sports & Fitness Center Turner Construction John Madrid Construction Manager
Sports & Fitness Center Cosentini Vladimir Yarmarkovich Project Engineer
Undergraduate Residence Steven Holl Architects Tim Bade Project Architect
Undergraduate Residence Daniel O'Connell & Alan Harwood Construction ManagerSons, Inc.
Stata Center Gehry & Associates Marc Salette Project Architect
Stata Center Beacon-Skanska Paul Hewins Construction Manager
Media Lab Expansion Leers Weinzapfel Margaret Minor Senior Associate
Media Lab Expansion Macomber Construction Jim Loud Construction Manager
Sampson & Mahan Hall Goody Clancy & Randi Holland Project ArchitectAssociates
Bancroft Hall RTKL Associates, Inc. Dave Thompson Principal
Combat Systems Facility Raytheon Don Schaalman Project Architect
Weapons Laboratory * NAVFAC Bob Karpinski, P.E. Project Manager
Weapons Laboratory * ROICC Dan McNair Resident Officer
Terminal E Modern Continental Paul Scheipers Construction Manager
Terminal B F.R. Harris Terry Rookard Prime Consultant
Central Garage Expansion Parsons Brinckerhoff Camille Bechara Project Architect
Woodfield Preserve Wright Architects Dan Elkins Project Architect
O.C. World Headquarters Hines Larry Peszek Project Manager
O.C. World Headquarters Cesar Pelli & Associates Mark Shumacher Project Architect
O.C. World Headquarters Lathrop Construction Mike Waldman Construction Manager
O.C. World Headquarters Hines John Frank Construction Manager
G.M. World Headquarters Hines Larry Peszek Project Manager
G.M. World Headquarters SOM Tom Kerwin Project Architect
* Secondary interviews included the discussion of allfour NUWC projects.
Table 4.2 - Secondary Interviews
4.2 Data Analysis
Once information was obtained from the owner and the project team, the collected data
was then assembled into individual project and innovation data sheets for purposes of simple
statistical analysis. Appendix C presents the compilation of these data sheets in which the
collected data is organized and numerated in accordance with the variables established in the
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framework of the study. The summation of the data uses simple statistics, such as averages and
percentages, to illustrate the factors and mechanisms that allow the owner to enhance innovation
collaboration in building construction. As indicated in the Results in Chapter 5, the development
and implementation of innovation in each project is used as the unit of analysis.
4.3 Validation of Data
As mentioned, an official representative of the owner was interviewed to obtain primary
information regarding each of the owners and their respective projects. The owner's
representative was instrumental in providing accurate information for understanding the owner's
role in the management of multiple organizations. Secondary interviews with the architect and
contractor allowed the information supplied by the owner to be validated, and also revealed
specific information regarding the design and construction processes of the project. Although
secondary interviews were unable to be obtained on three of the projects by the same owner, a
secondary interview with the architect of a fourth project permitted information supplied by the
owner to be confirmed. In addition, all of the owner representatives were provided draft copies
of each of the case studies for a final confirmation of accuracy prior to the publication of the
study.
The research focused on a relatively small sample of owner and project case studies. This
strategy was deliberately chosen because it permitted the collection of "rich" data as a
prerequisite for providing a better understanding of the variables that influence inter-firm
collaboration for innovation. In that respect, the study was also modeled to provide accurate data
that is representative of many projects in the construction industry. Although projects may vary
in accordance with the type, scale, and nature of the facility, the role of the owner as the leader of
multiple organizations temporarily united for the sole purpose of delivering construction projects
does not change significantly. On any given project, variables, such as the structure of the
owner's organization, requirements for the facility, formation of the design and construction
team, project delivery method and contract, are common to all construction projects regardless of
the nature of the project. In addition, the study was structured in accordance with a framework of
variables that would permit others to replicate the study through the exploration of the same
issues and measurements presented in the review of existing literature, while offering a degree of
flexibility for investigating new issues and proposing alternative measures.
77
5 RESULTS
In the Results section, organization and project data is initially presented to provide a
general portrayal of the owners and offer a broad description of the projects explored throughout
the course of the study. In the second section of the results, innovation data is presented to
illustrate the degree and nature of the innovations identified in the projects. The final section of
the Results tests the critical variables that govern organizations and projects based on the
frequency of innovation to determine the factors and mechanisms that permit the owner to
enhance innovation collaboration.
5.1 Organization and Project Data
The following section characterizes the sample of owners that participated in this study
and explores the nature of their respective projects. For purposes of the study, the owner was
initially defined as the organization that held the predominant interest in the long-term
performance and value of the facility. In that respect, organizational findings were tabulated
according to the seven organizations defined as the owner. In terms of analyzing the project data,
the results from two of the organizations were combined under the umbrella of a single
organization that acted as the development manager for both of the organizations. Moreover,
project data was further grouped and presented in terms of private/non-governmental
organizations and public/governmental organizations to respect the privacy and confidentiality of
the owners.
5.1.1 The Owners
5.1.1.1 Owner Organization Type
The organization type of the owner is important in terms of understanding the motivation
and reasoning behind the design and construction activities that are undertaken by the
organization. The type of organization may also dictate and limit the procedures that the owner
can follow in terms of procuring design and construction services. In terms of the owners
reviewed in the study, the objective was to investigate an even and wide range of organization
types (see Table 5.1). This sample of owners was also intended to represent a broad assortment
of project types in accordance with each type of owner.
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ORGANIZATION TYPE Number of Organizations Percentage of Organizations
Governmental 2 29%
Quasi-Governmental 1 14 %
Private Not-for-Profit 1 14 %
Private Corporation 1 14 %
Public Corporation 2 29%
TOTAL 7 100%
Table 5.1 - Number of Organizations by Type of Owner
5.1.1.1.1 Private Sector vs. Public Sector
Public procurement laws generally originate from governmental regulations that often
dictate project financing, formation of the project team, delivery methods, contract types, and the
award method for the project. Based on Table 5.2, the organizations in the public sector,
representing 43% of the sample of owners, are subject to public procurement laws that restrict
the methods and procedures of the design and construction process. The remaining 57% of
private sector organizations are generally only subject to company procedures and management
prejudices, and alternative methods of facility procurement remain viable options for these
owners.
ORGANIZATION TYPE Number of Organizations Percentage of Organizations
Private Sector/Non-Governmental 4 57 %
Public Sector/Governmental 3 43%
TOTAL 7 100%
Table 5.2 - Number of Organizations by Public vs. Private Sector
5.1.1.1.2 Core Competence
An owner's core competence is also indicative of organization type and may reveal if
certain types of owners are more in tune with the construction industry. Based on Table 5.3,
nearly one-third of the owners in the study perform construction-related activities. The remaining
two-thirds of the organizations perform activities outside of construction and only depend upon
the design and construction of facilities to accommodate the activities of the organization.
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CORE COMPETENCE Number of Organizations Percentage of Organizations
Construction-Related 2 29%
Non-Construction-Related 5 71%
TOTAL 7 100%
Table 5.3 - Number of Organizations by Core Competence in Construction
5.1.1.2 Organization Size
Table 5.4 illustrates the organizational sizes of the sample of owners in the study. The
sample of owners consisted of one organization with approximately 1,200 employees, three
organizations with 2,500 to 5,000 employees, two organizations with 5,000 to 20,000 employees,
and one organization with over 390,000 employees.
ORGANIZATION SIZE (Employees) Number of Organizations Percentage of Organizations
0-2,500 1 14%
2,500 - 5,000 3 43%
5,000 - 25,000 2 29%
25,000 - 250,000 0 0%
250,000+ 1 14%
TOTAL 7 100%
Table 5.4 - Number of Organizations by Organization Size
5.1.1.3 Location of Physical Assets
Table 5.5 indicates the location and geographical distribution of the physical assets that
belong to the owners in the case study. Two of the owners are confined to a single site where all
of the organization's facilities are located. One owner operates facilities throughout a particular
state and region, while another owner operates facilities throughout North America. The majority
of owners in the study operate facilities on a worldwide basis.
LOCATION OF PHYSICAL ASSETS Number of Organizations Percentage of Organizations
Local 2 29%
State/Regional 1 14 %
National 1 14%
International 3 43 %
TOTAL 7 100%
Table 5.5 - Number of Organizations by Location of Physical Assets
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5.1.2 The Projects
The next section of the results provides insight into the nature of the projects that
comprise the study. Again, the project-related results from two organizations were combined
under the umbrella of a single organization that acted as the development manager for projects
undertaken by both of the organizations.
5.1.2.1 Facility Type
Table 5.6 summarizes the types of facilities that were explored in the context of the
study. The intention of the research was to select projects by each owner that would be
representative of the types of projects that are typically associated with each of the owners. As a
result, a mix of residential, academic, research and development (R&D), and athletic facilities
were selected as case studies to represent the academic organizations in the study. Clearly, a
variety of facility types are required in an academic setting to support student housing,
classrooms for teaching and learning, advanced research, and extra-curricular activities. Several
research and development (R&D) facilities by a single naval organization were investigated as
projects that were most reflective of the organization's mission and need for creating office and
laboratory space in a campus environment. In an airport setting, the requirement for vital
infrastructure is apparent, thereby justifying the selection of additions to two existing airline
terminals and an expansion to an existing parking garage facility. The airline terminals were
categorized as mixed-use due to the incorporation of office, retail, service, and common area
space within a single facility. Finally, one office complex was constructed as an investment
opportunity by a real estate entity, while two others were undertaken to support the executive
functions of major corporations. One of the corporate headquarters projects was classified as
mixed-use due to the integration of office, hotel, retail, and other program within the facility.
Although two of the organizations in the study are oriented toward manufacturing activities,
office facilities were selected in lieu of production facilities due to the predominant requirements
for manufacturing equipment that often override the design and construction process in these
types of facilities.
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FACILITY TYPE OWNERS * TOTAL # % OF
MIT USNA NUWC MP HINES PROJECTS PROJECTS
Residential 2 1 0 0 0 3 18%
Office 0 0 0 0 2 2 12%
Academic 0 1 0 0 0 1 5%
R&D 2 0 4 0 0 6 35%
Mixed-Use 0 0 0 2 1 3 18%
Other 1 0 0 1 0 2 12%
TOTAL 5 2 4 3 3 17 100%
Table 5.6 - Number of Projects by Facility Type
*Owner Key: MIT = Massachusetts Institute of Technology, USNA = United Sates Naval Academy, NUWC = Naval
Undersea Warfare Center, MP = Massachusetts Port Authority, HINES = Hines Interests, including projects by
General Motors and Owens Coming
5.1.2.2 Functional Life
Table 5.7 indicates that all of the owners required the facilities in the study to function at
least twenty-five years prior to taking the building out of service to accommodate major
renovation. The projects with the shortest term of functional life were dictated by tight
restrictions on funding and ever-changing requirements for the systems housed within the
facility, such as in the case of laboratory projects. Of the projects with a 26-49 year functional
life, two of the facilities based the life expectancy of the building on the mechanical and
electrical systems, windows, furnishings, interior finishes, and changing technological systems in
the facility, despite the fact that each of the structures are already over one-hundred years old.
The useful life span of three other projects was governed and limited by the changing
requirements and dynamic environment associated with the airline travel industry. A final project
conservatively established a 25-50 year functional life based on the life expectancy of today's
state of the art technology and ever-changing corporate environment. Finally, seven remaining
projects anticipated a 50-year or longer life span by requiring that the facilities be able to easily
accommodate new technologies and provide user flexibility in order to benefit from utilizing the
facility over the long term. Excluding the consideration of structural systems, none of the
projects intended to have a facility life span of over 100 years.
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FUNCTIONAL OWNERS TOTAL # % OF
LIFE (Years) MIT USNA NUWC MP HINES PROJECTS PROJECTS
0-25 0 0 4 0 0 4 24%
26-49 0 2 0 3 1 6 35%
50-100 5 0 0 0 2 7 41%
100+ 0 0 0 0 0 0 0%
TOTAL 5 2 4 3 3 17 100%
Table 5.7 - Number of Projects by Designed Functional Life
5.1.2.3 Project Objectives
The majority of the projects in the study were influenced by the owner's focus on facility
and construction performance, construction schedule, and initial cost (see Table 5.8). This
finding falls in line with the typical "quality, schedule, and budget triangle" that many owners
evaluate in terms of identifying the most important requirements for the facility. For example,
one particular project team faced challenges associated with balancing the need for high-quality
work in restoring a significant and historic architectural masterpiece, a demanding schedule over
two consecutive ninety-day phases, and a reasonable, but inflexible budget. In this project, the
owner created a model for tackling fast-faced historic architecture in which project team
members retained their autonomy, but constantly worked together to successfully achieve
objectives in a project where they needed to take their time, but the time wasn't there.
While several of the owners in the study established an objective for facility performance,
such as the requirement for green design, an equal proportion of owners established an objective
for construction performance, such as the requirement that the construction process mimic the
collaboration that traditionally takes place in Japan. In this project, the owner challenged its
project team to achieve Japanese-quality construction in the United States, which was considered
to be a management innovation in and of itself. As a result, the construction manager became
part of the team early on in the process and many of the subcontractors for the project were
brought on board during the schematic design phase for the project. In lieu of shop drawings, the
subcontractors became responsible for creating construction documents and coordinating
multiple specialty trades. Although this process cost substantially more than conventional
methods, the owner was able to set the stage for achieving the high level of quality represented in
the objectives for the project.
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In terms of construction schedule, one project in particular faced challenges associated
with performing construction in a mixed-use facility while maintaining full occupancy in the
hotel, office and retail portions of the work without shutting any of the spaces down. This
objective presented "a logistics nightmare" in terms of scheduling noisy work around hotel and
office occupants on the premises at any given time of the day. It is also apparent from the results
that although some owners approach facilities as a long-term investment strategy by evaluating
life cycle costs, the majority of owners are more concerned with the initial cost of the facility.
In addition, several projects were influenced by aesthetic issues, such as the need to
match existing adjacent facilities, and social issues including the politics that often surround the
public approval process. A few of the projects listed the environment as an overriding objective,
explaining the strong movement of owners toward the identification and creation of green and
sustainable building programs. Although a couple of owners later verified safety as almost
always a concern both during construction and for the facility occupants, none of the owners
initially listed safety as a project objective that overwhelmingly influenced the design and
construction of the facility. One owner's representative described the process of establishing
project objectives for its client as a difficult task in terms of dealing with changes in
requirements in a dynamic environment and trying to predict the future in an industry that can't
be predicted.
PROJECT OBJECTIVES OWNERS TOTAL# % OF
MIT USNA NUWC MP HINES PROJECTS PROJECTS
Facility Performance 5 2 4 2 3 16 94 %
Initial Cost 4 2 4 2 2 14 82%
Life-Cycle Cost 4 0 0 2 3 9 53 %
Aesthetics 4 2 1 2 2 11 65%
Environmental 3 0 0 1 2 6 35 %
Social 5 0 0 2 3 10 59%
Construction Performance 5 2 4 3 2 16 94 %
Construction Schedule 4 2 4 3 2 15 88 %
Safety 0 0 0 1 1 2 12%
TOTAL # of 34 10 17 18 20OBJECTIVES
AVG. # of OBJ./ 6.8 5.0 4.3 6.0 6.7PROJECT
Table 5.8 - Number of Project Objectives by Owner
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5.1.2.3.1 Project Objectives and Organization Type
According to Table 5.9, private sector and public sector owners generally establish very
different sorts of project objectives. For example, private sector owners tend to place a higher
value on facility life-cycle costs, presumably because these types of owners are more in the
position to benefit directly from lower operation and maintenance costs and traditionally evaluate
a project's value on the basis of initial cost over time. On the other hand, public sector owners
tend to value initial cost because of the significant role that limited government funding plays in
the facility procurement process. In addition, private sector owners tend to focus on
environmental and social objectives to a considerably larger extent than public sector owners do.
This finding seems out of the ordinary in that private sector owners traditionally finance projects
through private funding, but these owners demonstrate an overall greater sensitivity to the
welfare of the general public in the design and construction of facilities. On the other hand,
public sector owners customarily finance projects through taxpayer funding, but demonstrate an
overall less sensitivity to the public in the design and construction of their facilities.
ORGANIZATION TYPE TOTAL # % OF
PROJECT OBJECTIVE PRIVATE / NON- PUBLIC / PROJECTS PROJECTS
GOVERNMENTAL GOVERNMENTAL
Facility Performance 8 8 16 94%
Initial Cost 6 8 14 82 %
Life-Cycle Cost 7 2 9 53 %
Aesthetics 6 5 11 65 %
Environmental 5 1 6 35 %
Social 8 2 10 59 %
Construction Performance 7 9 16 94 %
Construction Schedule 6 9 15 88 %
Safety 1 1 2 12%
TOTAL # of OBJECTIVES 54 45
AVG. # of OBJ./ PROJECT 6.8 5.0
Table 5.9 - Number of Project Objectives by Organization Type
5.1.2.3.2 Project Objectives and Functional Life
According to Table 5.10, there is a direct correlation between the expected functional life
of a facility and the average number of objectives per project established by the owner.
Specifically, as the functional life of a facility increases, the average number of objectives per
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project generally increases as well. By the same token, projects with the least amount of life
expectancy tend to have the fewest objectives for the project. Remarkably, a greater focus on
life-cycle cost, environmental issues, and social implications tends to separate those facilities that
anticipate a much longer life expectancy. In this case, a long-term perspective in terms of
enhancing project economics, decreasing environmental pollution, and pleasing neighborhood
groups provides the basis upon which an owner may expect to increase the life of its facility.
PROJECT OBJECTIVE FUNCTIONAL LIFE (Years) TOTAL # % OF0-25 26-49 50-100 100+ PROJECTS PROJECTS
Facility Performance 4 5 7 0 16 94 %
Initial Cost 4 5 5 0 14 82%
Life-Cycle Cost 0 3 6 0 9 53 %
Aesthetics 1 5 5 0 11 65%
Environmental 0 2 4 0 6 35 %
Social 0 3 7 0 10 59%
Construction Performance 4 6 6 0 16 94 %
Construction Schedule 4 6 5 0 15 88 %
Safety 0 2 0 0 2 12%
TOTAL # of OBJECTIVES 17 37 45 0
AVG. # of OBJ./ PROJECT 4.3 6.2 6.4 0.0
Table 5.10 -Number of Project Objectives by Functional Life
5.1.2.4 Project Complexity
The majority of projects in the study were strongly influenced by complexities associated
with the actual construction process (see Table 5.11). Examples of construction complexity
include difficult site and environmental-related conditions, challenging construction scheduling
and phasing, and sensitive historic renovation. Several of the projects addressed complicated
issues surrounding the design of the facility, access to the construction site, and the political
concerns of the user groups and communities. A few of the urban projects were forced to resolve
the problem associated with delivering construction materials and equipment to the job site in
highly dense and populated areas. In terms of contractual and management complexities, one
owner was forced to address difficult contractual issues when an international organization was
unable to acquire an occupational license to practice architecture in the United States. In this
case, a local representative architecture firm was specifically hired to act as project architect and,
in turn, contracted with the international firm that acted solely as design architect. In another
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project, the owner was forced to deal with issues relative to managing contracts with two
independent design firms responsible for different aspects of the same project. For example, the
owner was faced with the dilemma of incorporating two designs into one bid package and
assigning a representative from either one or both design firms to be on site during construction.
A final owner was required to manage multiple project teams responsible for multiple project
phases. Only one project enjoyed the luxury of not having to resolve overly complicated issues,
presumably because it was a new facility located on a simple, clean site.
PROJECT OWNERS TOTAL # % OF
COMPLEXITY MIT USNA NUWC MP HINES PROJECTS PROJECTS
Site Access 2 2 2 2 1 9 53%
Transportation 0 0 0 3 1 4 24%
Construction 5 2 0 3 2 12 71%
Contractual 1 0 0 2 1 4 24%
Social 5 1 2 0 1 9 53%
Design 5 1 0 2 2 10 59%
Management 1 0 0 2 1 4 24%
None Identified 0 0 0 0 1 1 6%
TOTAL # of 19 6 4 14 9COMPLEXITIES
AVG. # of COMP./ 3.8 3.0 1.0 4.7 4.5PROJECT
Table 5.11 - Number of Project Complexities by Owner
5.2 Innovation Data
With a general understanding of the owners and the projects in the study, the following
section of the results explores the nature of the sixty-seven innovations that were identified in the
research. Based on initial interviews, the owners were initially able to identify nearly three-
quarters of the innovations in the case studies (see Table 5.12). In conducting follow-up
interviews with members of the project teams, all forty-eight innovations were confirmed. An
additional fourteen innovations, comprising twenty percent of all identified innovations, were
acknowledged by the A/E while an additional five innovations, comprising seven percent of all
identified innovations, were recognized by the GC/CM.
These results confirm the high level of competence possessed by the owners in terms of
being able to identify innovations. The results suggest that owners are well aware of the products
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that go into their facilities, understand design and construction processes, and are familiar with
construction management techniques. In most instances, the A/E was able to confirm the
identification of innovations by the owner and identify an additional array of product, design,
and management innovations. The GC/CM was also able to confirm information gathered from
the owner and was responsible for identifying several process innovations. This finding supports
the idea that the GC/CM is more familiar with construction processes than other members of the
project team.
INNOVATION OWNERS Number of Percentage
IDENTIFIER PRIVATE / NON- PUBLIC / Innovations of
GOVERNMENTAL GOVERNMENTAL Innovations
Owner 32 16 48 72%
A/E 8 6 14 21%
GC/CM 4 1 5 7%
No. Of Innovations 44 23 67 100 %
% Of Innovations 66 % 34 %
Table 5.12 - Number of Innovations by Innovation Identifier
While the results indicate the number of innovations identified by each of the project
team members, an analysis also reveals that nearly two-thirds of the innovations took place in the
private sector. Surprisingly, only one-third of the identified innovations occurred in the public
sector despite the fact that more projects were studied in the public sector than in the private
sector.
5.2.1 Classification of Innovation
5.2.1.1 Innovation Type
Although innovation types may be considered in all likelihood not mutually exclusive of
each other, each innovation was categorized according to the innovation type it most resembled.
Based on the sample of projects and as indicated in Table 5.13, an even distribution of product,
design and management innovations was discovered in the study. Process innovations were the
least common type of innovation found in the sample of project case studies.
In terms of identified product innovations, movable swimming pool bulkheads, security,
telecommunications, roofing and floor systems, high-impact abuse-resistant drywall, fretted
glass, modular furniture, and two-hour rated glazing include some examples of innovative
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products in today's facilities. Examples of management innovations include partnering
mechanisms, alternative project delivery methods, project management software and systems,
project wrap-up insurance, submittal parties, and general procedures for involving facility users
in the procurement process. Design innovations include the design of high-performance building
systems, integrated moment-frame structural systems, green and sustainable design, and
innovative facility layouts. A lesser majority of process innovations were identified including
processes of pre-fabrication, three-dimensional design and construction, collaborative pre-
construction methods, up-up construction, CAD-database facility documentation, and drilled
caisson foundations.
INNOVATION TYPE Number of Innovations Percentage of Innovations
Product 21 31 %
Process 7 11 %
Design 18 27%
Management 21 31 %
TOTAL 67 100%
Table 5.13 - Number of Innovations by Innovation Type
The identification of product and management innovations may be attributable to the fact
that this study was conducted from the perspective of the owner. This finding confirms the
general awareness of the owner in terms of being able to identify new products in their facilities
and understand new management implications. By examining the first tier of consultants under
the owner, consisting of architects and contractors, an additional assortment of design and
process innovations was identified. However, the results do not guarantee the presence of all
innovations in the projects. Specifically, additional innovations may have been identified had the
study probed further into the second tier of consultants under the owner, consisting of a variety
of specialty consultants and subcontractors. Assuming that specialists and subcontractors are
more familiar with innovative construction processes than the first and second tiers of the project
organization, several unidentified process innovations may actually exist (Semlies 1999).
5.2.1.2 Innovation Model
Table 5.14 categorizes each of the innovations identified in the study based on their
impact on each of the main project team members including the owner, architect and contractor.
In terms of the owner, modular innovations account for nearly one-half of the total number of
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identified innovations, indicating that several of the innovations resulted in a change in core
concept for the owner, but did not require the owner to make significant changes to manage the
project. An example of a modular innovation for the owner is the utilization of modular
furniture, which conceptually changes the way spaces are configured, but does not change the
way furniture is utilized by the occupants. One-third of the innovations were incremental to the
owner, also resulting in improvements without having to make significant changes in the project
to accommodate the innovation. An example of an incremental innovation for the owner is the
utilization of drilled caissons rather than pre-cast piles for the foundation of a facility. In either
case of foundation, the owner had the opportunity to obtain a comparable facility, but was able to
benefit from the savings of time associated with using a drilled caisson system.
Of the innovations that required significant changes on behalf of the owner for
development and implementation, an even distribution of architectural and radical innovations
was identified. An example of an architectural innovation from the perspective of the owner
consisted of one organization's establishment of a separate renovation program outside of its
public works department, which changed the structure of the organization and the relationships
between its various departments. An example of a radical innovation for an owner occurred in
one particular project in which the occupants of an existing dark, closed facility inspired the
design of a new six-story open-atrium facility addition to complement the existing facility. While
all of the identified innovations had some degree of impact on the owner, none of the innovations
involved an impact at the system level.
INNOVATION Owner Architect GC/CM
MODEL No. Of % Of No. Of % Of No. Of % OfInnovations Innovations Innovations Innovations Innovations Innovations
No Impact 0 0% 2 3% 4 6%
Incremental 22 33 % 8 12 % 28 42 %
Modular 27 40% 2 3% 2 3%
Architectural 10 15 % 50 75 % 30 45 %
Radical 8 12% 0 0% 1 1 %
System 0 0% 5 7% 2 3%
TOTAL 67 100% 67 100% 67 100%
Table 5.14 - Number of Innovations by Innovation Model According to Each Team
Member
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In terms of the project team, while very little changes were required on behalf of the
owner, the architects and contractors were required to make significant changes across the
project to accommodate the innovations. Several architectural innovations required the architect
to coordinate changes with a multitude of engineers, while the contractor was faced with the
same sort of issues in coordinating changes with several subcontractors. For instance, in the case
of modular furniture, although the owner was not significantly impacted, the architect was forced
to coordinate issues associated with integrating the dimensions of the modular furniture with the
specifications of a raised floor system. Likewise in the case of the drilled caissons, although the
owner was not tremendously affected, the general contractor was responsible for coordinating
issues associated with different materials and labor requirements for the innovation.
Interestingly, while all of the innovations impacted the owner, a few innovations had no
impact on the architect and/or contractor. For instance, one particular innovation associated with
a facility management CAD database entailed the architect providing value-added facility
management services to the owner, but did not impact the contractor's task of renovating an
existing historic structure. Another innovation took place internally within an owner organization
in which coordination workshops were conducted with facility occupants to review the
architect's design for the facility. Although the workshops were useful in terms of the owner
being able to sort information associated with the design for the facility, the workshops did not
change the interaction that occurred between the owner's representative and the architect or
contractor.
Although none of the identified innovations involved an impact to the owner at the
system level, some system innovations occurred from the viewpoint of the architect and/or
contractor. In the case of one of the investigated raised floor mechanical systems, the innovation
was considered systemic to both the architect and the contractor due to the fact that most of the
components of the system had never been designed and manufactured by a supplier or installed
by a contractor. This situation resulted in multiple innovations throughout the development and
implementation process of the system components that eventually evolved into the standard
product line of the supplier involved with the innovation.
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Cross-Tabulation of Innovation Types and Models
Once again, based on the assumption that innovation types are not mutually exclusive of
each other, Table 5.15 compares innovation types with innovation models to determine the
overall impact of each innovation on the owner. Generally, product innovations such as security
systems and fretted glass that were developed and implemented in the projects did not require the
owner to change other aspects of the project and basically took place as isolated incidents.
INNOVATION INNOVATION TYPE No. Of % Of
MODEL Product Process Design Management Innovations Innovations
No Impact 0 0 0 0 0 0%
Incremental 11 3 7 1 22 33 %
Modular 10 3 5 9 27 40%
Architectural 0 0 1 9 10 15 %
Radical 0 1 5 2 8 12%
System 0 0 0 0 0 0%
No. Of Innovations 21 7 18 21 67 100%
% Of Innovations 31 % 11 % 27% 31 %
Table 5.15 - Number of Innovations by Innovation Type and Model According to the
Owner
Innovations associated with the process of facility procurement generally did not require
the owner to make changes in the organization to accommodate the innovations. For example,
the effect of pre-fabrication methods, pre-construction collaboration between contractors and
subcontractors, and innovative construction methods was primarily limited to the construction
team. However, one radical process innovation associated with the utilization of three-
dimensional aerospace software for design and construction required the owner to invest in
computer stations and overcome the learning curve inherent in understanding the new system.
The results also indicate that although a few radical designs were introduced into the
projects, most of the design innovations were developed and implemented by the project team
without significantly impacting the owner. These findings support the notion that the owner can
challenge the designer to improve products in the facility and the design of the facility without
causing the owner to undergo changes within its organization or project team. For example, the
integration of a pre-cast moment-frame concrete structural system and aluminum cladding for
purposes of achieving "an elegant piece of engineering" in one project was refined significantly
by the designers for aesthetic reasons, but had little bearing on the owner other than requiring its
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5.2.1.2.1
approval. In terms of impacting the owner, one architectural design innovation consisting of a
prairie grass landscape design on one specific project, which attempted to recreate the oak
landscape native to Ohio, resulted in less operation and maintenance expenses for the owner due
to fewer requirements for water and fertilization. On the same project, a radical design took place
in which the owner inspired a transition from an existing vertical tower layout to a horizontal
campus layout that permeated its way not only through the organization's facility headquarters,
but also through the organizational structure of the company.
Finally, calculations reveal that although several management innovations did not result
in changes to other aspects of the project for the owner, an equal proportion of management
innovations did result in changes. For instance, partnering sessions conducted on several of the
projects allowed owners to benefit from pulling project team members away from the project to
focus on the big picture and encourage teamwork, but did not significantly alter the owner's
management of the design and construction process. On the other hand, although the utilization
of project-based web sites on seven of the projects didn't change the concept behind the need to
communicate between project team members, the means by which project team members
transmitted information was considerably altered.
5.2.1.3 Innovation Clusters
Although each identified innovation was categorized in terms of a single innovation for
purposes of data collection and analysis, several of the innovations in the study actually
consisted of multiple innovations defined as an innovation cluster. For example, while raised
floor mechanical systems were counted as a single innovation, such systems are typically
comprised of multiple innovations including floor components, diffusers, power and data boxes,
and telecommunication infrastructure. Table 5.16 summarizes the number of innovation clusters
that were discovered in the project case studies. Eight clusters of innovation consisting of
twenty-five innovations were discovered on six of the projects, contributing to roughly an
additional one-third of innovations that are not numerically expressed in the results. In other
words, if the multiple innovations in each cluster had been counted individually, the total sample
of innovations would have shifted from sixty-seven to ninety-two total innovations. This
calculation was not performed due to the large amount of distortion that occurred measuring the
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frequency of innovation when, for instance, system innovation clusters consisted of as many as
five innovations in one system.
Accordingly, the majority of the innovation clusters in the study consisted of
complementary innovation sets whereby, through joint application, the innovations
complemented each other and contributed benefits of additional performance through their
coexistence. For instance, one owner's application of common use terminal equipment, flight
information display systems, and automated baggage handling systems were all intended to
enhance a facility's ability to more efficiently accommodate a growing number of airline
passengers. One actualizing innovation set was discovered in which one innovation enabled
another related innovation to occur. In this innovation, the natural ventilation and puff
mechanical system associated with green design required the architect to propose a multiplicity
of innovations, including innovative mechanical systems and facility configurations and massing
to allow green design innovation to occur. Finally, three system innovation sets account for nine
additional innovations that are systematically linked and rely on each other for existence, as in
the case of multiple components in a raised floor mechanical system.
INNOVATION Number of Clusters Number of Actual Additional Percentage
CLUSTERS Innovations of Innovations
System 3 9 13 %
Actualizing 1 2 3 %
Complementary 4 14 21 %
TOTAL 8 25 37%
Table 5.16 - Number of Innovation Clusters
5.2.2 Innovation Roles
It is important to first note that project team members and innovation roles are not
mutually exclusive of each other. In other words, an innovator in a project team may play
multiple roles throughout the innovation process. Also, because multiple project team members
may play innovation roles in a team environment, innovation roles were categorized in
accordance with all of the project team members that participated in the role. Once again, the
innovation source was defined in terms the team member responsible for identifying or requiring
the concept of innovation to be developed and implemented. The innovation design team was
defined according to the team members who took initiative, evaluated alternatives, committed
94
resources and supplied the technical knowledge needed to develop and implement the
innovation. The innovation implementation team was defined in terms of the team members who
were responsible for coordinating the activities required to achieve the innovation.
5.2.2.1 Source of Innovation
Table 5.17 illustrates the source of the innovations identified in the study. Based on the
results, it is clear that the owner plays a significant role in the innovation process by acting as the
source of innovation through the actual identification and requirement of innovation for nearly
fifty percent of the innovations. This finding confirms the notion that the project team typically
will not introduce innovation for the sake of innovation itself, but will innovate in order to satisfy
the innovation requirements of the owner. In addition, because the owner plays such a significant
role in supporting the innovation process, a valid reason exists for the owner to possess enough
design and construction competence to be able to take initiative, evaluate alternatives, and
commit resources during the innovation process. In fact, one owner's director of facilities pushes
innovation and technology through an informal policy that the organization's design and
construction staff stays current and up-to-date with current advances in the construction industry.
An example of an innovation proposed by the owner consists of the utilization of an owner
controlled insurance program (OCIP) on one of the projects. In this case, the innovation
originated from the owner's idea that an all-inclusive design and construction insurance policy
obtained from one carrier would result in considerable savings for the owner.
SOURCE OF INNOVATION Number of Innovations Percentage of Innovations
Occupant 3 4%
Owner 31 46 %
Owner Representative 6 9%
Consultant 3 4%
Architect 16 24 %
Engineer 2 3%
GC/CM 6 9%
Subcontractor 0 0%
3 rd Party/Supplier 0 0%
TOTAL 67 100 %
Table 5.17 - Number of Innovations by Source of Innovation
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5.2.2.2 Innovation Design Team
Table 5.18 represents the project team members that comprised the innovation design
teams in the context of the innovations identified in the study. In terms of providing the technical
knowledge needed to design innovations, it is apparent that the representative of the owner and
the designers, consisting of consultants, architects and engineers, play a lead role. This result
confirms the need to designate a responsible owner's representative to manage the innovation
design process and establish solid relationships with qualified designers in order to access the
designer's bank of technology during the early stages of the project as a prerequisite for
addressing technical uncertainty inherent in innovation. An example of an innovation in which
an owner's representative, consultant and architect comprised the innovation design team was
one organization's application of a digitally animated video as a communication tool to express
one project's sophisticated, complex geometry to community groups and other departments of
the organization. In this case, the owner not only promoted the idea and initiated the concept, but
also directed the efforts of a computer animation consultant and an architect with in-house
computer capabilities to create a virtual experience of the facility prior to its construction.
INNOVATION DESIGN TEAM Number of Innovations * Percentage of Innovations
Occupant 2 3%
Owner 8 12%
Owner Representative 36 54 %
Consultant 26 39 %
Architect 49 73 %
Engineer 22 33 %
GC/CM 15 22%
Subcontractor 1 2%
3rd Party/Supplier 5 7%
* Based on the assumption that more than one project team member may comprise the innovation design team.
Table 5.18 - Number of Innovations by Innovation Design Team
5.2.2.3 Innovation Implementation Team
Table 5.19 represents the members of the innovation implementation teams for each of
the innovations identified in the study. According to the results, the role of contractors and
subcontractors is primarily limited to the innovation implementation team. This finding confirms
their role as the organizers and managers of the innovation process during construction.
However, it is also obvious from the results indicated above that given the opportunity, the
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contractor is capable of stepping outside of the implementer role to introduce innovations and
assist in the innovation design process to enhance the probability of innovation success. For
example, one of the innovations associated with the pre-fabrication of plumbing risers, wood
soffits, and fire protection, not only required the construction manager to coordinate the
implementation process among the subcontractors and suppliers, but also provide expertise
needed to develop the innovation during the design phase of the project. Finally, the significant
role of the architect and owner's representative on the innovation implementation team may best
be explained by the large presence of design and management innovations, respectively.
INNOVATION
IMPLEMENTATION TEAM Number of Innovations * Percentage of Innovations
Occupant 1 2%
Owner 4 6%
Owner Representative 23 34 %
Consultant 11 16%
Architect 33 49 %
Engineer 3 5%
GC/CM 51 76 %
Subcontractor 37 55 %
3rd Party/Supplier 19 28 %
* Based on the assumption that more than one project team member may comprise the innovation implementation
team.
Table 5.19 - Number of Innovations by Innovation Implementation Team
5.2.2.3.1 Cross-Tabulation of Innovation Source and Innovation Type
Table 5.20 illustrates the types of innovations that were introduced by the project team
members included in the study. According to the results, the owner is the source of most product
and management innovations. Examples of product and management innovations introduced by
the owner include the owner's requirement for nontraditional insulation, ceiling tile and duct
lining building products and the CM at Risk delivery method, respectively. This finding confirms
the lead role that "smart" owners and their representatives play in the identification and
introduction of innovation into construction projects.
Excluding the role of the owner, the designers are the major source of product and design
innovations. Examples of product and design innovations introduced by the designers include a
movable swimming pool bulkhead and a high performance pool heat recovery and mechanical
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system, respectively. This finding confirms the vital role that designers play during the early
stages of the project when products are specified and the design of the facility is refined.
Presumably due to the role that contractors play in the construction process, general contractors
and construction managers were the source of most process innovations. An example of a
process innovation introduced by the contractor includes the utilization of the up-up construction
technique. In this case, the innovative method was utilized in one of the projects, in spite of its
additional up-front cost, to save two months off of the construction schedule and remove the
facility's cast-in-place concrete portion of work off of the critical path to achieve better quality.
In the study, contractors did not play as large of a role in management as one might expect.
INNOVATION INNOVATION TYPE No. Of % Of
SOURCE Product Process Design Management Innovations Innovations
Occupant 1 0 1 1 3 4%
Owner 10 2 7 12 31 46%
Owner Rep 1 0 0 5 6 9%
Consultant 2 0 1 0 3 4%
Architect 4 2 8 2 16 24%
Engineer 1 0 1 0 2 3%
GC/CM 2 3 0 1 6 9%
Subcontractor 0 0 0 0 0 0 %
Supplier 0 0 0 0 0 0%
TOTAL 21 7 18 21 67 100%
Table 5.20 - Number of Innovations by Innovation Source and Innovation Type
5.2.3 Development and Implementation of Innovation
5.2.3.1 Planned vs. In-Progress Innovation
Table 5.21 indicates the number of innovations that were planned before the
commencement of construction versus the number of innovations that were developed while
construction was in progress. Based on the results, the large majority of innovations in the study
were planned during the early stages of the project. The planning of innovation allows the team
members to consider alternative solutions, formulate a decision, and commit the resources
necessary for innovation. Planning also allows the risk and uncertainty inherent in innovation to
be reduced prior to construction and explains why it may be advantageous to utilize construction
expertise during this period.
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One of the architects in the study described the innovation development process in terms
of "track-one versus track-two", in which it is accepted that a certain percentage of innovations
will never make it (Salette 2000). Track-one consists of the innovative ideas that were expected
to happen as a result of the innovative climate established at the beginning of the project, such as
in the case of an innovation that originated out of a project or innovation objective. Track-two
consists of the innovative ideas that the owner remains uncomfortable with. Consequently, as the
development of innovation in track-one proceeds, the owner and the architect must both bear the
cost associated with learning enough about a track-two innovative idea to allow the concept to
become a real innovation in track-one. This process requires that a tremendous amount of
research and information exchange takes place between team members, risks associated with the
innovation are properly allocated between the innovation planning team, and the owner willingly
places its trust in the innovation planners. Of course, out of the best interest of the owner's
organization, many innovative ideas will be killed in track-two before they ever have a chance to
proceed into track-one.
On the other hand, fifteen percent of the innovations were developed and implemented
after the design of the facility had been finalized or construction had commenced. The contractor
proposed some of these innovations during the bidding and negotiation stages of the project in
which alternative construction processes were developed and implemented to save initial cost
and construction duration for the owner. In addition, several management innovations were
developed and implemented by the owner in-progress because they did not affect any of the
management requirements or procedures that had been initially established by the owner.
Overall, the results indicate the strong need to plan for innovation with the understanding that
innovation is less likely to occur once the project is underway.
INNOVATION DEVELOPMENT Number of Innovations Percentage of Innovations
Planned 57 85 %
In-Progress 10 15 %
TOTAL 67 100%
Table 5.21 - Number of Planned vs. In-Progress Innovations
5.2.3.1.1 Innovation Source and Planned vs. In-Progress Innovation
Table 5.22 illustrates the various sources of innovation under circumstances of both
planned and in-progress innovations. While the owner planned the vast majority of innovations
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in the study during the early stages of the project, one architecture firm in particular took a lead
role in the planning of innovation. In one specific project, an architecture firm was directly
responsible for introducing and managing tasks associated with the renovation of an historic
space, the procurement of modular dormitory furniture, the modernization of communication
systems, and the development of a facilities management CAD database.
In addition, although a few contractors were given the opportunity to plan innovation
during the early stages of the project as construction managers, an equal proportion of
contractors were able to introduce innovation as late as the bidding and negotiation stage and
during the early phases of construction. For instance, although one of the design-bid-build
projects in the study specified pre-cast piles for the foundation in the bidding documents, the
winning general contractor was able to convince the owner to substitute drilled caissons for the
foundation after the project was awarded. In this case, the general contractor not only incurred
the cost of procuring engineering services in order to redesign the foundation, but also assumed
the risk that the owner would reject the proposed innovation. The owner fortunately accepted the
general contractor's proposal during the construction planning stages and was therefore able to
significantly reduce the construction schedule while still utilizing a comparable product.
Total Number ofINNOVATION SOURCE Planned Innovation In-Progress Innovation Innovations
Occupant 3 0 3
Owner 27 4 31
Owner Rep 5 1 6
Consultant 3 0 3
Architect 14 2 16
Engineer 2 0 2
GC/CM 3 3 6
Subcontractor 0 0 0
Supplier 0 0 0
TOTAL 57 10 67
Table 5.22 - Number of Innovations by Innovation Source and Planned vs. In-Progress
Development
5.2.3.2 Reason for Innovation
Table 5.23 characterizes each innovation in terms of either a solution to a project-related
complexity, a response to a requirement or objective for the project, or an opportunity to
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innovate. The majority of the innovations were developed and implemented as an opportunity for
the project team to capitalize on obtaining the benefits from innovation. This finding reveals the
progressive nature of the project teams in terms of their willingness to improve upon existing
state-of-the-art technologies. The findings also reinforce the notion that projects sometimes offer
opportunities for owners and project teams to innovate independent of specific project objectives
or complexities. For example, a construction manager in one of the projects hosted prolog project
management software in which project team members could dial into the contractor's computer
system to obtain meeting minutes, requests for information, and submittals pertaining to the
project. In this case, the development and implementation of the innovation was more related to
the contractor's business strategy rather than a request from the owner or a difficulty associated
with the project.
The results also highlight the strong relationship that exists between innovation and
project objectives. Nearly one-third of the innovations were derived out of the response to a
project objective or super-ordinate goal, reinforcing the need for the owner to take an active role
in defining the essential requirements for the project as a prerequisite for innovation. For
instance, the development and implementation of a raised floor mechanical system consisting of
floor components, power and data boxes, individual climate control floor diffusers, fiber optic
telecommunications infrastructure, and modular furniture occurred as a direct result of the
occupant's requirement for flexible work spaces in the new facility. This cluster of innovations
allowed the owner to address the high churn rate of employees they were used to experiencing by
making the workstation relocation process as simple, efficient, and economical as possible
without the need for demolishing hard partitions and repositioning lights and diffusers.
Although less of a correlation exists between innovation and project complexity, a small
group of innovations were developed and implemented as a solution to the complexities
associated with the project. For example, it would have been impossible in one particular project
to design and construct the facility without utilizing innovative three-dimensional aerospace
design software as a means of solving issues relative to the complex geometry of the facility. In
this project, a digital physical model of the facility simplified the quantity take-off process and
assisted several of the trades during surveying, fabrication of steel, metal and glass, and concrete
placement in a facility that consisted of "no straight lines or angles" (Hewins 2000).
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Finally, approximately one-fourth of the innovations not only satisfied objectives for the
project, but also simultaneously solved difficulties inherent in the project. Two-hour rated
glazing offers an example of an innovation that simultaneously satisfied the owner's requirement
that the facility remain as transparent as possible and solved the problem associated with
separating spaces in accordance with requirements for protection from fire and explosion.
REASON FOR INNOVATION Number of Innovations Percentage of Innovations
Opportunity 25 37%
Solution to Complexity 4 6%
Response to Objective 21 31 %
Solution & Response 17 25%
TOTAL 67 100%
Table 5.23 - Reason for Innovation
5.3 Innovation Mechanisms
With an understanding of the characteristics of the owner organizations, the nature of the
projects, and the identification of the innovations in the context of the case studies, it is possible
to explore the mechanisms that foster innovation at the organization and project levels. It is
intended that the following section will assist the owner in creating the "fertile ground for
innovation" as expressed by one of the project team members in the study (Salette 2000).
5.3.1 Owner Capabilities
5.3.1.1 Investment in Design & Construction
The study took into consideration the degree to which the owners invest internally in
human and physical capital in lieu of outsourcing to external organizations for design and
construction. While the entire set of owners contract with designers and contractors for the actual
design, engineering and construction services for the facility, Table 5.24 indicates that most of
the owners support an internal design and construction department to manage the facility
procurement process. Two of the owners contract with external organizations for the
management of the facility procurement process. This finding supports the preference of some
owners to outsource for services when the design and construction of facilities is not related to
the core competence and mission of the organization. One of the organizations contracts with a
separate division with the organization to support and manage design and construction services
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in accordance with the laws that govern the organizations. This strategy permits the actual owner
of the facility to concentrate on establishing the requirements for the facility without having to
specialize in managing the procurement process. Four of the owners rely greatly on the existence
of an integrated design and construction department within the organization due to each of the
owner's reliance on state-of-the art facilities as an integral aspect of the organization's
performance and mission. Despite the fact that these owners are to a certain extent capable of
supporting design and construction activities internally, actual tasks are nonetheless contracted
out to professionals in order to access the "horsepower" needed to undertake large, complex
projects (Kerwin 2000).
DEGREE OF INVESTMENT IN
DESIGN AND CONSTRUCTION Number of Organizations Percentage of Organizations
Outsource to External 2 29 %Organization
Outsource to External Division 1 14 %Within Same Organization
Support Internal Design and 4 57 %Construction Department
TOTAL 7 100%
Table 5.24 - Number of Organizations by Investment in Design and Construction
Table 5.25 summarizes the degree to which the owner's investment in construction has an
impact on the average number of innovations per project. The results support the notion that
owners who integrate a design and construction department within the organization can
successfully develop and implement a high degree of innovation in their construction projects.
For example, although one of the public sector organizations was required to outsource the
facility procurement process to an external division within the same organization, the owner
strategically set up an office outside of its public works department to manage every aspect of all
of its renovation work. Categorized as an innovation in and of itself, the establishment of a
renovation program management office allowed the owner to better deal with its facilities in
totality rather than in piecemeal. In addition, the innovative organizational structure permitted
the owner to finance its own projects without relying on external sources, to have input into the
design and construction process, and to require the commitment of its project team members for
longer periods of time. Despite the extensive effort and financial resources it took to sell the idea
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to its superiors, the owner was able to take advantage of a more cost-effective approach to design
and construction and achieve an average of over three innovations per project.
The findings also show that organizations that invest little or nothing in design and
construction can still develop and implement innovations by contracting with an external
organization that specializes in the procurement of innovative facilities. In this scenario, the
owner assumes the role of decision-maker, but hires a development manager to act on the
owner's behalf. In two of the projects that utilized this organizational structure, the owners were
able to benefit from an average of four innovations per project. One of the architects attributed
this success in innovation to the owner's ability to set up innovative teams, including leadership,
executive and other tiers of groups, to perform project approvals and make decisions quickly, as
well as the development manager's ability to effectively facilitate and orchestrate the
procurement process (Kerwin 2000).
On the other hand, one of the major difficulties associated with developing and
implementing innovation via separate divisions within the same organization is that the
organization must be highly staffed with construction expertise, which may not coincide with the
mission of the organization. Moreover in this case, the actual owner of the facility experiences a
loss of control over the project during certain phases of procurement to the division responsible
for representing the interest of the owner.
DEGREE OF INVESTMENT IN Number of Average Number of
CONSTRUCTIONNumber of Projects Innovations Innovations/Project
Outsource to External 2 8 4.0Organization
Outsource to External Division 4 4 1.0Within Same Organization
Support Internal Design and 11 55 5.0Construction Department
TOTAL 17 67 3.9
Table 5.25 - Number of Projects and Innovations by Investment in Design & Construction
5.3.1.2 Internal Design and Construction Competence
Table 5.26 indicates the extent of internal design and construction competence relative to
the owners included in this study. The objective was to investigate "smart" owners based on the
assumption that owners who build frequently would possess strong capabilities in design and
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construction. In terms of the three organizations with some competence, a single program
manager was generally responsible for managing the facility procurement process. Of the four
organizations with extensive competence, several architects, engineers and contractors were
brought into each organization to manage the facility procurement process.
INTERNAL DESIGN AND
CONSTRUCTION COMPETENCE Number of Organizations Percentage of Orgamzations
None 0 0%
Some 4 57%
Extensive 3 43 %
TOTAL 7 100%
Table 5.26 - Number of Organizations by Internal Design and Construction Competence
Table 5.27 summarizes the degree to which an owner's internal competence in design and
construction has an impact on the average number of innovations per project. The results indicate
that a multiplicity of experienced construction industry professionals directly hired by the owner
organization can significantly contribute to an owner's ability to encourage innovations on their
construction projects. Specifically, innovation may be enhanced when employees of the owner
are explicitly trained and knowledgeable in several fields of technology associated with
construction innovation. For example, one of the more sophisticated owners in the study hired a
project manager from its project's construction management firm for a term appointment to
complement its substantial in-house architecture, engineering and construction expertise. Such
competence was instrumental not only in managing one of the most complex projects in the
study, but also in accomplishing six innovations on the project.
INTERNAL DESIGN AND Number of Average Number of
CONSTRUCTION COMPETENCE Number of Projects Innovations Innovations/Project
None 0 0 0.0
Some 8 19 2.4
Extensive 9 48 5.3
TOTAL 17 67 3.9
Table 5.27 - Number of Projects and Innovations by Internal Design and Construction
Competence
5.3.1.3 Owner Involvement and Commitment
The involvement and commitment of the owner is indicative of the degree to which the
owner acts as a major participant in the facility procurement process and over the life cycle of
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the project. Table 5.28 indicates that although all of the owners in the study are actively involved
in at least some aspect of the facility procurement process through involvement in planning and
programming, several of them differ in terms of their roles throughout the project life cycle. To
begin, four of the owners are typically involved throughout the life cycle of the project. These
owners utilize the resources of an internal space management department to establish the needs
for a facility, delegate the facility procurement process to an internal design and construction
department, and turn the completed facility over to an internal operation and maintenance
division. In these organizations, the term internal department is defined according to the direct
interaction that takes place at a central location between the many departments in the owner's
organization responsible for representing the facility occupants.
One of the military owners in the study is typically responsible for establishing facility
needs during the initial stages of a project and maintaining the completed facility through an
internal public works department. However, this owner is required by legislation to turn new
military construction (MILCON) projects over to a separate division within the organization to
manage the contracts associated with the design, engineering, and construction stages of the
project. In this case, although the design and construction divisions fall under the same branch of
military as the owner, results of this study categorized these divisions as external, but within the
same organization. This classification evolved due to the separation that exists between the
design and construction division and the departments that represent the actual owner and facility
occupants.
Finally, two corporate organizations rely on external organizations that specialize in
development and construction during the design, engineering, and construction stages for the
procurement of facilities that are unique to the types of projects typically undertaken by the
organization. These owners prefer to actively participate in the planning and programming stages
of a project to ensure that new facilities reflect the needs of the organization. However, operation
and maintenance services, which also fall outside of each organization's core competence, are
generally contracted to companies that specialize in the operation and maintenance of facilities.
Appendix B provides a description of each organization and further describes the level of
involvement and commitment by each owner over the project life cycle.
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OWNER INVOLVEMENT Number of Organizations Percentage of Organizations
AND COMMITMENT____ ______
Planning & Programming 7 100 %
Design & Engineering 4 57%
Construction 4 57%
Operation & Maintenance 5 71 %
Table 5.28 - Number of Organizations by Owner Involvement and Commitment
Table 5.29 summarizes the degree to which the involvement and commitment of the
owner has an impact on the average number of innovations per project based. The results
indicate the clear need for an early and uninterrupted commitment on behalf of the owner over
the entire life cycle of the project. Specifically, innovation may be deterred when the owner
establishes a requirement for innovation during the planning and programming stage of the
project and is absent from the project team during the design and construction stages of the
project when the innovation must be developed and implemented. In addition, an owner's
nonparticipation during the operation and maintenance aspect of the project can inhibit the
owner's understanding of the implication of innovation over the long term as well as eliminate
the opportunity for the owner to benefit from innovation during this phase of the project.
OWNER INVOLVEMENT Number of Projects Number of Average Number of
AND COMMITMENT Innovations Innovations/Project
None 0 0 0.0
Partial 6 12 2.0
Full 11 55 5.0
TOTAL 17 67 3.9
Table 5.29 - Number of Projects and Innovations by Owner Involvement and Commitment
To illustrate the importance of the owner's involvement in the project and in innovation
itself, one of the owner's representatives in the study emphasized the need for early commitment
on behalf of the owner. In this case, the owner may be more likely to realize the benefits from
innovation if it can successfully require and convince all of the project team members to buy into
the innovative concept. In one particular case of an innovation that failed to take hold in the
project, the innovation lacked the commitment of the owner. Specifically, the architect for the
project proposed and developed a project-based web site for use in the project. However, the web
site failed to be utilized by members of the project team because the owner failed to offer a
general consensus that the innovation was something the project team needed and wanted to use,
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which provided no incentive for the general contractor or subcontractors to implement the
system.
In addition, not only does the literature review emphasize the need for involvement and
commitment on behalf of the owner as an organization, but also upon the actual individuals who
manage the project and the innovation process on behalf of the owner's organization itself. For
example, one of the owner's representatives described the role of the owner as a team leader
responsible for keeping the project on track and people focused on the schedule, resolving
personal, financial and technical problems, and communicating and coordinating project
information between internal departments and external organizations. An owner's representative
must carefully balance the role of simply observing how the project team works together versus
getting involved when a problem exists and the leader is forced to get everyone to stop fighting
out of self-interest (Marshall 2000). Another representative described the role of the owner in
terms of creating a "virtual organization or hub" through which all information is coordinated
and all obstacles are eliminated (Personette 2000). Finally, a final representative described the
role of the owner as a "cheerleader" responsible for keeping knowledgeable people getting
together and moving forward (Smith 2000).
5.3.1.3.1 Construction Audit
As another measure of the owner's involvement in the project during construction, Table
5.30 illustrates the degree to which construction auditing by the owner influences the average
number of innovations per project. The results show that the auditing of construction by the
owner contributes to a much greater amount of innovations per project. By having an open-book
policy with the GC/CM, the owner is better able to enforce the construction contract, determine
accountability, and evaluate the outcome of the project. Ultimately, construction auditing allows
the owner to verify that costs are being charged properly for the job and keep members of the
project team honest (Peszek 2000).
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CONSTRUCTION Number of Projects Number of Innovations Average Number of
AUDITING Innovations/Project
Non-Audited 6 11 1.8
Audited 11 56 5.1
TOTAL 17 67 3.9
Table 5.30 - Number of Projects and Innovations by Construction Audit
5.3.2 Owner Approach
5.3.2.1 Project Delivery Method
According to Table 5.31, the most common project delivery method found in the sample
of project case studies was the general contractor/design-bid-build delivery method followed by
the CM at Risk and CM as Agent delivery methods. Public procurement laws governed all of the
general contractor/design-bid-build projects in the public sector. Two CM as Agent/design-bid-
build projects by a single public owner were also subject to public procurement laws, but the
utilization of the CM as Agent was selected due to the size and complex nature of each of the
projects. In these projects, a construction manager acted as an agent of the owner and provided
pre-construction services in terms of scheduling, phasing, and evaluating how to build the
project. In the private sector, the remaining general contractor/design-bid-build projects were
established by an informal company-wide policy of primarily utilizing the general
contractor/design-bid-build delivery method. The five-CM at Risk projects by one private owner
is indicative of the organization's willingness to choose alternative delivery methods and its
commitment toward obtaining construction expertise during the early stages of the project.
PROJECT OWNERS TOTAL # % OFDELIVERY PRIVATE / NON- PUBLIC / PROJECTS PROJECTS
METHOD GOVERNMENTAL GOVERNMENTAL
GC/D-B-B 3 7 10 59%
CM as Agent/ DBB 0 2 2 12%
CM at Risk 5 0 5 29%
TOTAL 8 9 17 100%
Table 5.31 - Number of Projects by Project Delivery Method and Organization Type
According to Table 5.32, innovations are most present under the CM as Agent and CM at
Risk delivery methods. This finding supports the idea that the utilization of pre-construction
expertise, which some project team members considered to be an innovation in and of itself, in
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both the CM as Agent and CM at Risk delivery methods contributes substantially to innovation.
By having a construction manager on board as a member of the design team, the project has an
opportunity to become reality-based early on in the process, resulting in a greater ability to
control project costs (Garcia 2000). In this case, not only is the construction manager
instrumental at the project level, but also at the innovation level, in which the construction
manager acts as the owner's agent and provides "pre-innovation" services in terms of scheduling,
phasing, and evaluating how to build the innovation. This finding also supports the theories in
innovation literature that suggest the integration of design and construction processes will
enhance the likelihood of successful innovation. Another surprising aspect of this result is that
innovation can still occur despite the utilization of the sequential design-bid-build delivery
method. However, under this delivery method, it is apparent that the late entry of the general
contractor significantly reduces the introduction of innovation in the late stages of the project
during bidding and negotiation, construction planning, and construction.
PROJECT DELIVERY Number of Projects Number of Innovations Average Number of
METHOD NumberIofProjects Innovations/Project
GC/Design-Bid-Build 10 26 2.6
CM as Agent/ D-B-B 2 10 5.0
CM at Risk 5 31 6.2
TOTAL 17 67 3.9
Table 5.32 - Number of Projects and Innovations by Project Delivery Method
5.3.2.1.1 Multiple Prime Contracting or "End-Runs"
Table 5.33 indicates the majority of projects involved "end-runs" whereby the owner
directly hired a specific specialty subcontractor for a portion of the work. Although public
procurement laws limit the public sector owner's ability to contract directly with subcontractors,
several of the governmental owners hired specialty subcontractors to design and install computer
systems, security, communication and audio/visual equipment, furnishings, and other movable
items. These "end-runs" were able to take place in accordance with existing open-ended
contracts with the specialty subcontractors for other projects already undertaken by the owners.
The private sector owners also demonstrated a strong propensity for contracting directly with
specialty subcontractors for utilities, asbestos removal, security, telecommunications and data
systems, furnishings, and other movable items. Overall, the results indicate a trend toward
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allocating the non-specialized, commodity-like work to the contractor and the highly specialized,
service-oriented work to a specialized expert in the field.
OWNERS TOTAL # % OFEND-RUNS PRIVATE / NON- PUBLIC / PROJECTS PROJECTS
GOVERNMENTAL GOVERNMENTAL
Present 5 5 10 59 %
Not Present 3 4 7 41%
TOTAL 8 9 17 100%
Table 5.33 - Number of Projects by Multiple Prime Contracting or "End-Runs"
Table 5.34 indicates the average number of innovations per project based on projects with
owner end-runs. The owner's ability and decision to directly hire a specific specialty
subcontractor for a portion of the work appears to contribute significantly toward innovation.
This finding implies that obtaining the commitment from an expert in the particular field of the
innovation may foster the development and implementation of innovation. In fact, one particular
owner specifically removed the audio and visual equipment package from the construction
contract and distributed a separate A/V contract to a 3rd party supplier and installer responsible
for designing and installing the A/V system. This owner felt that a specialized firm, rather than a
construction contractor, was more capable of handling innovative high-performance systems and
equipment.
END-RUNS Number of Projects Number of Innovations Average Nuberoet
Present 10 47 4.7
Not Present 7 20 2.9
TOTAL 17 67 3.9
Table 5.34 - Number of Projects and Innovations by Multiple Prime Contracting or "End-
Runs"
In another project, the architect detailed the concept for an innovative 5-story enclosed
atrium structure prior to the owner discovering that the structure was too expensive.
Consequently, the owner initiated a search for an expert to not only work with the architect to
bring the structure into budget and achieve aesthetics, but also to construct the domed structure.
Three specialized design-build firms were invited to provide preliminary pricing and the most
competitive firm was selected to provide design-build services for only the innovative portion of
work. Although the project team lost a little bit of design control over the innovation to the
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specialized firm, their expertise and involvement allowed a shift in risk away from the architect
and general contractor and a savings in construction cost of approximately 25 to 50 percent.
5.3.2.2 Contract Type
5.3.2.2.1 A/E Contract
According to Table 5.35, the majority of the projects used the fixed price/lump sum
contract, with over one-third using the cost-plus percentage contract and approximately ten
percent using the cost-plus fee contract. In order to limit the financial risk associated with
procuring professional design services, most public sector owners prefer to contract with the
designer based on a fixed price/lump sum basis for the project. Another public sector owner
compensates the designer based on the reimbursable cost of providing the services plus the
expenses that are incurred until a negotiated maximum price is reached. In the private sector,
although the designers tend to be compensated on a cost-plus percentage or fixed fee basis, one
particular private organization prefers the fixed price/lump sum contract to mitigate the owner's
financial risk in the project by placing all of the design risk on the architect.
OWNERS TOTAL # % OFA/E CONTRACT PRIVATE / NON- PUBLIC / PROJECTS PROJECTS
GOVERNMENTAL GOVERNMENTAL
Lump Sum 3 6 9 53%
Cost-Plus-Percentage 3 0 3 18 %
Cost-Plus-Fee 2 3 5 29 %
TOTAL 8 9 17 100%
Table 5.35 - Number of Projects by A/E Contract and Organization Type
According to Table 5.36, most innovations occur under some form of reimbursable
contract with the A/E rather than under a fixed price contract. Establishing a reimbursable cost-
plus fee or percentage contract with the A/E allows the designer to develop innovation without
assuming all of the financial risk associated with incorporating the innovation into the final
design. Similar to the circumstances of the GC/CM, a fixed-price lump sum contract requires the
A/E to develop innovation in an environment of uncertainty and bear all of the financial risk in
the event that the A/E is unable to successfully develop the innovation.
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A/E CONTRACT Number of Projects Number of Innovations Average Number ofInnovations/Project
Lump Sum 9 24 2.7
Cost-Plus-Percentage 3 16 5.3
Cost-Plus-Fee 5 27 5.4
TOTAL 17 67 3.9
Table 5.36 - Number of Projects and Innovations by A/E Contract
5.3.2.2.2 GC/CM Contract
In sharp contrast to the A/E contract, Table 5.37 reveals that the public and private sector
owners clearly differ in terms of how the contractor should be compensated. All of the GC/CM
contracts for public organizations were fixed price/lump sum contracts, while all of the GC/CM
contracts for private organizations were guaranteed maximum price (GMP) contracts. Public
procurement laws governed all nine of the fixed price/lump sum contracts by the public owners.
Five of the guaranteed maximum price (GMP) contracts by one private owner indicate the
organization's willingness to choose alternative contract types and its commitment toward
sharing financial risk with the contractor. Three remaining guaranteed maximum price (GMP)
contracts by the other private owner were actually a hybrid of the two above-listed contract
types. In these cases, the contract type was determined by an informal company-wide policy of
bidding the general conditions, fee and (sometimes) site work as a fixed price, buying the sub
trades in collaboration with the general contractor, and essentially signing a GMP contract once
the subcontractors are selected.
GC/CM OWNERS TOTAL # % OF
CONTRACT PRIVATE / NON- PUBLIC / PROJECTS PROJECTS
GOVERNMENTAL GOVERNMENTAL
Lump Sum 0 9 9 53%
GMP 8* 0 8 47%
TOTAL 8 9 17 100%
* Includes three projects in which general conditions for construction were contracted on the basis of a lump sum,
but the overall project was contracted on the basis of a guaranteed maximum price (GMP).
Table 5.37 - Number of Projects by GC/CM Contract
According to Table 5.38, over twice the number of innovations were found under the
guaranteed maximum price (GMP) contract than under the fixed-price lump sum contract. This
finding supports the notion that the GMP contract allows both the owner and the contractor to
more optimally share the financial risk associated with the uncertainty of implementing
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innovation. It appears that in the case of the fixed price/lump sum contract, there is little
incentive for the contractor to experiment with proposing innovation in an environment of
uncertainty when the contractor is solely responsible for the outcome of the innovation.
GC/CM CONTRACT Number of Projects Number of Innovations Average Number of
____ ___ ___ ___  _ ___ ___ ____ ___ _ ________________ 
Innovations/Project
Lump Sum 9 23 2.6
GMP 8* 44 5.5
TOTAL 17 67 3.9
* Includes three projects in which general conditions for construction were contracted on the basis of a lump sum,
but the overall project was contracted on the basis of a guaranteed maximum price (GMP).
Table 5.38 - Number of Projects and Innovations by GC/CM Contract
5.3.2.2.3 Project Delivery Method and GC/CM Contract
Table 5.39 indicates that of the investigated project case studies, nearly one-half of the
projects utilized a general contractor/design-bid-build delivery method with a fixed price/lump
sum contract. Over one-fourth of the projects utilized a CM at Risk delivery method with a GMP
contract. Finally, roughly twenty percent of the projects utilized a general contractor/design-bid-
build delivery method with a GMP contract, while the remaining one in ten projects utilized a
CM as Agent/design-bid-build delivery method with a fixed price/lump sum contract.
In the public sector, procurement laws governed all seven of the projects by three
different public owners that matched the general contractor/design-bid-build delivery method
with a fixed price/lump sum contract. In these projects, a strict sequence of events occurred in
which the A/E took responsibility for designing the facility and issued plans and specifications to
a group of general contractors for bidding purposes. At that point, the construction contract was
awarded to the winning general contractor who could construct the facility within a specified
monetary lump sum. In each of these projects, the general contractor did not become part of the
project team until after bidding and negotiation, but was required to bear the majority of
construction risk.
Another public owner utilized the CM as Agent/design-bid-build delivery method with a
fixed price/lump sum contract on two projects. In each complex project, a CM as Agent was
retained during the early stages of the project to provide construction expertise. The CM as
Agent was also retained to represent the owner and to monitor progress throughout the
114
J
construction process. Because public procurement laws governed each of the projects, the owner
was required to solicit bids from general contractors and award the construction contract to the
lowest lump sum bidder.
In the private sector, one owner utilized the combination of the CM at Risk delivery
method with the GMP contract on five different projects. This owner appears to be the most
progressive in terms of marrying alternative delivery methods with alternative contract types. In
each project by this owner, a construction manager was brought on board during the early stages
of the project to provide construction expertise. Not only were the construction managers present
throughout all of the design process, but they also acted as the contractors during the
construction process. Under the GMP contract, the owner essentially shared a portion of the
construction risk with each of the contractors.
A final private owner utilized a general contractor/design-bid-build delivery method with
the GMP contract on three different projects. In each of the three projects, the owner provided
construction expertise during the early stages of the project and relied on thorough and complete
construction documents from the architect for bidding purposes. With accurate plans and
specifications, the construction contract was then awarded to the general contractor based on a
fixed price/lump sum for general conditions, fee, and other easily determined criteria. After
buying the sub trades with the general contractor, a more optimal contract in terms of risk
allocation was established between the owner and the general contractor by using a GMP
contract.
CONTRACT TYPE
PROJECT UMPSUM GMP TOTAL TOTAL
DELIVERY NO. OF % OF
METHOD No. Of % Of No. Of % Of PROJECTS PROJECTS
Projects Projects Projects Projects
GC/DBB 7 41% 3 18% 10 59%
CM at Risk 0 0% 5 29% 5 29%
CM as Agent/ DBB 2 12% 0 0 % 2 12%
TOTAL 9 53% 8 47 % 17 100%
Table 5.39 - Number of Projects by Project Delivery Method and GC/CM Contract
Table 5.40 indicates the average number of innovations per project based on a cross-
tabulation of delivery methods and contract types. Under the general contractor/design-bid-build
delivery method with a fixed price/lump sum contract, the least amount of innovation occurs.
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This may be attributable to the fact that a sequential method of delivery does not utilize the
contractor's expertise for evaluating opportunities for innovation during the early stages of the
project and delegates all of the financial risk to the contractor during the implementation of the
innovation. The general contractor/design-bid-build delivery method appears to foster innovation
more when a GMP contract allocates risk more efficiently between the owner and the contractor.
The general contractor/design-bid-build delivery method also enhances innovation when a CM
as Agent provides construction expertise during the early stages of the project despite using the
fixed price/lump sum contract. The CM at Risk delivery method with a GMP contract appears to
be the optimal system of utilizing contractor input during the early stages of the project and
sharing risk during construction in support of fostering innovation.
CONTRACT TYPE
PROJECTLUMPSUM GMPDELIVERY ____LM U ___ ___ M ___
METHOD No. Of No. Of Avg. # Inn. No. Of No. Of Avg. # Inn.
Projects Innovations / Project Projects Innovations / Project
GC / D-B-B 7 13 1.9 3 13 4.3
CM as Agent/ DBB 2 10 5.0 0 0 0.0
CM at Risk 0 0 0.0 5 31 6.2
Table 5.40 - Number of Projects and Innovations by Project Delivery Method and GC/CM
Contract
Figure 5.1 graphically illustrates the findings relative to innovation based on delivery
methods and contract types. Generally, as the delivery method and contract type become less
rigid and offer flexibility in terms early contractor involvement and risk allocation, the number
of innovations per project increases dramatically.
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Rigid Flexible
Contract Type Average Number ofInnovations per Project
Figure 5.1 - Average Number of Innovations per Project by Delivery Method and GC/CM
Contract
5.3.2.3 Award Method
Table 5.41 indicates that of the investigated project case studies, project award methods
to the GC/CM were evenly split between the competitive bid award method, the negotiated
award method, and a hybrid of the two. While the results are divided, the findings reveal a
tendency for each of the owners to adhere to a preferred award method. Of the private owners,
one owner prefers to search for reputable, highly qualified contractors and award the fee and
general conditions for the project based on the lowest bid with the assumption that all of the
contractors will bid on a level playing field. Once the general contractor is on board, this
particular owner works with the contractor to negotiate the subcontracts, and as each subcontract
is signed, the cost of work is then added to the contractor's contract. This hybrid method allows
the owner to sign the subcontractors at "dollar for dollar", and prevents the general contractor
from shopping bids once the construction contract is signed (Peszek 2000). Another private
owner prefers to negotiate the award of the contract with the anticipation of extending the
responsibilities of the construction manager from design through construction.
The majority of public owners must award the contract based on the lowest competitive
bid in accordance with public procurement laws. However, two of the projects by a single public
sector owner deviated from the procedures for low bid, while still adhering to public
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procurement laws, by negotiating a "best and final" offer from general contractors that were
evaluated on both price and technical merit. On another project, the public sector owner
negotiated directly with the contractor based on a continuing contract with the organization.
AWARD OWNERS TOTAL # % OF
METHOD PRIVATE / NON- PUBLIC / PROJECTS PROJECTSGOVERNMENTAL GOVERNMENTAL
Competitive Bid 0 6 6 35 %
Hybrid 3 2 5 30%
Negotiated 5 1 6 35 %
TOTAL 8 9 17 100%
Table 5.41 - Number of Projects by Award Method and Organization Type
According to Table 5.42, most innovations occur under a negotiated award method rather
than under a hybrid or lowest competitive bid award method. The competitive bid award method
emphasizes the lowest cost for completing the project and neglects the financial uncertainty
inherent in developing and implementing innovation. As a result, the contractor assumes all of
the financial risk associated with the innovation even though it may not have the opportunity to
assist in developing the innovation, and is therefore more likely to increase its contingency in the
contract to account for the uncertainty surrounding the innovation. By contrast, a negotiated
award method takes into consideration the financial consequences of developing and
implementing innovation. As a result, innovation is fostered through the award of the contract
based on fair terms that have been thoughtfully resolved between the owner and the contractor.
Finally, the hybrid method effectively permits the owner to competitively bid the commodity-
like portions of work while negotiating the portions of work that require special attention and
detail, such as in the case of an innovation.
AWARD METHOD Number of Projects Number of Innovations Average Number ofInnovations/Project
Competitive Bid 6 14 2.3
Hybrid 5 20 4.0
Negotiated 6 33 5.5
TOTAL 17 67 3.9
Table 5.42 - Number of Projects and Innovations by Award Method
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5.3.2.4 Contract Incentives
Table 5.43 summarizes the types of contract incentives used in the context of the case
studies. The results indicate the noticeable inclination of the public owners to utilize negative
incentive clauses such as the liquidated damages clause in the contract to allocate to the
contractor all of the risk associated with completing the project on time. Due to the fixed price
nature of the contracts, none of the public owners utilize positive incentive clauses such as the
cost-savings sharing clause to create incentives for the contractor to save the owner and/or the
contractor money during construction. Although the private owners tend to not use either clause,
these organizations appear to be more likely to consider positive incentive provisions including
the sharing of cost-savings with the contractor.
CONTRACT OWNERS TOTAL # % OF
INCENTIVES PRIVATE / NON- PUBLIC / PROJECTS PROJECTSGOVERNMENTAL GOVERNMENTAL
None 4 0 4 25%
Negative 0 9 9 56 %
Positive 2 0 2 13 %
Both 1 0 1 6%
TOTAL 7 9 16* 100%
* Total does not equal 17 because the utilization of contract incentives is yet to be determined on one project.
Table 5.43 - Number of Projects by Contract Incentives and Organization Type
Table 5.44 indicates the average number of innovations per project based on the owner's
utilization of incentives in the contract. Although innovation can occur regularly without any
form of incentives in the contract, the major discovery of this analysis is that the isolated use of
negative incentives, such as the liquidated damage clause, can deter innovation. This finding may
be explained by the fact that the liquidated damages clause places all of the financial risk on the
contractor in the event that the project cannot be completed on time. As a result, the contractor
has little incentive to propose an innovation when the organization is solely reliable if the
development and implementation of the innovation delays the project.
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CONTRACT Average Number of
INCENTIVES Number of Projects Number of Innovations Innovations/Project
None 4 24 6.0
Negative 9 23 2.6
Positive 2 8 4.0
Both 1 7 7.0
TOTAL 16* 62 3.9
* Total does not equal 17 because the utilization of contract incentives is yet to be determined on one project.
Table 5.44 - Number of Projects and Innovations by Contract Incentives
5.3.3 Team Composition
5.3.3.1 Team Member Search
5.3.3.1.1 A/E Search
In accordance with the results indicated in Table 5.45, seven projects were subject to
public procurement laws for professional services and therefore searched for the A/E based on an
open invitation. These laws require that the solicitation for the A/E be openly advertised in the
designer community. On the other hand, the private/non-governmental owners that are permitted
to search for the A/E based on a closed invitation utilize a process of long-listing and short-
listing firms based on recommendations, previous experience, and/or firm reputation. Of the
three projects that negotiated directly with the A/E, one project searched only for one particular
A/E firm to design the facility based on a previous relationship, while two other projects were
permitted under public procurement laws to negotiate directly with one A/E firm. Under these
laws, the owner was able to search for an A/E firm based on a continuing indefinite quantity
contract with the firm.
OWNERS TOTAL # % OFA/E SEARCH PRIVATE / NON- PUBLIC / PROJECTS PROJECTS
GOVERNMENTAL GOVERNMENTAL
Open 0 7 7 41%
Closed 7 0 7 41%
Negotiated 1 2 3 18 %
TOTAL 8 9 17 100%
Table 5.45 - Number of Projects by Type of A/E Search
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Table 5.46 indicates the degree to which open, closed, and negotiated search processes
for the A/E impacts the average number of innovations per project. According to the results, the
average number of innovations per project is highest under a closed A/E search process.
A/E SEARCH Number of Projects Number of Innovations Average Number ofInnovation s/Proj ect
Open 7 21 3.0
Closed 7 37 5.3
Negotiated 3 9 3.0
TOTAL 17 67 3.9
Table 5.46 - Number of Projects and Innovations by Type of A/E Search
5.3.3.1.2 GC/CM Search
As indicated in Table 5.47, eight projects by the public/governmental owners searched
for the GC/CM based on an open invitation in accordance with public procurement laws for
professional services. These laws require that the solicitation for the GC/CM be openly
advertised in the general contractor community. On the other hand, the eight projects in the
private sector that searched for the GC/CM based on closed invitations once again utilized a
process of long-listing and short-listing firms based on recommendations, previous experience,
and/or firm reputation. Although one of the projects that utilized a closed search process was
subject to public procurement laws, the owner was able to go directly to a handful of general
contractors to obtain bids under an open-ended construction contract. In the one project that
negotiated directly with the GC/CM, the owner searched only for one particular firm to construct
the facility based on a long-standing previous relationship with the CM for pre-construction
services.
OWNERSTOTAL # % OF
GC/CM SEARCH PRIVATE / NON- PUBLIC / PROJECTS PROJECTS
GOVERNMENTAL GOVERNMENTAL PROJECTS PROJECTS
Open 0 8 8 47%
Closed 7 1 8 47%
Negotiated 1 0 1 6 %
TOTAL 8 9 17 100%
Table 5.47 - Number of Projects by Type of GC/CM Search
Table 5.48 indicates how the search process for the GC/CM affects the average number
of innovations per project. Similar to the A/E search process, the process by which the owner
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searches for the GC/CM has a significant impact on the amount of innovations per project. The
average number of innovations per project dramatically increases as the search process for the
GC/CM focuses on fewer contractors. The least amount of innovation occurs when the owner
advertises the project to the contractor community in the open market. By reducing the amount
of potential contractor candidates, the owner has the opportunity to handpick the winning
contractor out of a small group of pre-qualified contractors. Most innovation occurs when the
owner directly approaches a qualified contractor. The results emphasize the need to search for
only those contractors who are properly qualified and understand the process by which
innovations are implemented in the project.
GC/CM SEARCH Number of Projects Number of Innovations Average Nuberoet
Open 8 21 2.6
Closed 8 37 4.6
Negotiated 1 9 9.0
TOTAL 17 67 3.9
Table 5.48 - Number of Projects and Innovations by Type of GC/CM Search
5.3.3.1.3 GC/CM Pre-Qualification
Table 5.49 summarizes the number of projects in which the owner established pre-
qualification requirements for the GC/CM as a prerequisite for the team member selection
process. According to the results, public sector owners typically require bidders to meet pre-
qualification requirements, such as minimum bonding criteria, prior to bidding in accordance
with public procurement laws. This measure intends that only qualified and experienced
contractors will bid on the projects. On the other hand, private sector owners are more flexible in
terms of pre-qualifying bidders. Instead of establishing a minimum required bonding capacity,
nearly twenty percent of the projects permitted the contractor to provide a letter of credit backed
by a parent company to satisfy the owner in the event that the contractor defaulted on the project.
Furthermore, over ten percent of the projects established no pre-qualification criteria in which
the search for the GC/CM was based solely on the trust associated with the qualifications and
experience of the contractor.
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GC/CM PRE- OWNERS TOTAL # % OF
QUALIFICATION PRIVATE / NON- PUBLIC / PROJECTS PROJECTSGOVERNMENTAL GOVERNMENTAL
None 2 0 2 11 %
Letter of Credit 3 0 3 18%Corp. Guarantee
Bonding 3 9 12 71 %
TOTAL 8 9 17 100%
Table 5.49 - Number of Projects by GC/CM Pre-Qualification
Table 5.50 indicates the average number of innovations per project based on the pre-
qualification of the contractor prior to performing the search for the GC/CM. Surprisingly,
innovation occurs most when the owner does not pre-qualify the contractor and instead trusts the
qualifications of the GC/CM. Innovation begins to decline as the owner requires a financial
guaranty by the contractor. This finding implies that the contractor may be less willing to assume
the risk of developing and implementing innovation when the parent company and/or the surety
company providing the bond is financially liable in the event of failure to execute the project.
GC/CM PRE-QUALIFICATION Number of Projects INumb of AvovatiosNumberoet
None 2 13 6.5
Letter of Credit/Corp. Guarantee 3 13 4.3
Bonding 12 41 3.4
TOTAL 17 67 3.9
Table 5.50 - Number of Projects and Innovations by GC/CM Pre-Qualification
5.3.3.2 Team Member Selection
5.3.3.2.1 A/E Selection
Table 5.51 indicates that the selection of the A/E is typically based on qualifications.
Although 100% of the projects in the study based the selection of the A/E exclusively on
qualifications, the A/E selection process and the criteria for qualifications is unique to each
owner. Specifically, of the three organizations subject to procurement laws in the public sector,
one owner bases its selection of the A/E through a process of interviewing the "top five firms"
and selecting the firm most experienced and best suited for the project. In accordance with the
Brooks Act of 1954 (Racette 2000), another owner traditionally establishes two boards
responsible for the selection of the A/E. In this case, the first board reviews resumes, analyzes
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qualifications and expertise, and recommends a short list of firms to the second board. The
second board, which may consist of a contract specialist, project manager, design manager,
engineer, contractor, client representative, and chairman, then observes presentations from the
A/E firms and distributes sealed votes to the chairman of the board to derive the winner of the
job. The final organization subject to public procurement laws typically short lists A/E firms
down to three candidates based on qualifications and background information. At that point, a
Request for Proposal is distributed to the selected firms and a designer selection board,
consisting of two architects, an engineer, a member of academia, and a contractor, makes a
decision. The final determination is often based on different contents of the submitted proposals,
such as commitment, creative ideas, and time and money invested in the proposal.
OWNERS TOTAL # % OFA/E SELECTION PRIVATE / NON- PUBLIC PROJECTS PROJECTS
GOVERNMENTAL GOVERNMENTAL
Qualifications 8 9 17 100%
TOTAL 8 9 17 100%
Table 5.51 - Number of Projects by Type of A/E Selection
In the private sector, one owner generally follows a long-list, short-list, interview and
selection process based on qualifications consisting of criterion such as experience, reputation,
commitment, chemistry, and previous relationships with the selected design firm. Another owner
typically narrows invited firms down to three candidates and collaborates with several members
of the organization to select the winning firm based on qualifications. Examples of
qualifications include the location of the firm, architectural style, previous relationships with the
owner and other consultants, knowledge of local building codes, creativity in the proposal,
internal team of the A/E firm, staffing, expertise, knowledge of the business, and level of
comfort with the firm. The results provide no information relative to the amount of innovation
based on the selection of the A/E because all of the owners selected the designer on the basis of
qualifications.
5.3.3.2.2 GC/CM Selection
In sharp contrast to the A/E selection process, Table 5.52 indicates that the selection of
the GC/CM predominantly revolves around price instead of qualifications. Overall, while the
projects are split nearly even between criterion based on qualifications, price, and best-value
124
procurement, none of the projects in the study based the selection of the GC solely on the time it
would take to construct the facility. In the five projects that based the selection of the GC solely
on qualifications, all five of the general contractors were brought in as part of the project team
during the early stages of the project to fulfill the role of construction manager. These projects
reinforce this particular owner's reliance upon qualified contractors for providing pre-
construction expertise during the early stages of the project. Of the seven projects that based the
selection of the GC solely on price, six projects were required to select the GC based on the
lowest bid per public procurement laws. The remaining project that selected the GC based on
price utilized a closed search process as a mechanism for screening qualified contractors. In this
case, because the owner already established a minimum level of qualifications for the bidders,
the owner felt comfortable with selecting the GC based primarily on the lowest bid.
Best-value procurement utilizes a combination of factors, including qualifications, time,
and/or price, in selecting the general contractor. Of the five projects that utilized a best-value
procurement, two of the projects by a single owner selected the GC based on a price package
evaluated by one team and a technical package evaluated by another team. The technical package
consisted of evaluating each contractor's experience, project and management team, proposed
subcontractors, and recommended schedule for approaching the work. Based on
recommendations by each evaluation team, a selection board made the final decision. In another
project, a best-value procurement was made in which the selection of the GC was based on an
open-ended construction contract. The open-ended construction contract is a mechanism used to
secure a group of contractors who meet minimum qualification requirements. In this case, the
selection of the GC was based upon expertise, management style, and past experience in addition
to price. On another project, the owner based its selection of the GC on the firm's ability to meet
the schedule and the budget, the internal team formed to meet the goals of the project, and its
previous experience within the municipality. A final owner utilized a best-value procurement by
considering the previous experience and reputation of the GC, competitively bidding portions of
the work, and issuing a portion of construction documents that required the GC to propose the
best solution of sequencing, logistics, and scheduling to accomplish the end goals.
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GC/CM OWNERS TOTAL # % OF
SELECTION PRIVATE / NON- PUBLIC / PROJECTS PROJECTS
GOVERNMENTAL GOVERNMENTAL
Qualifications 5 0 5 29 %
Time 0 0 0 0%
Price (Low Bid) 1 6 7 42%
Best-Value (Q, T, P) 2 3 5 29 %
TOTAL 8 9 17 100%
Table 5.52 - Number of Projects by GC/CM Selection
Table 5.53 indicates the extent to which the selection of the GC/CM influences the
average number of innovations per project. Based on the results, the process by which the owner
selects the GC/CM has a significant impact on the amount of innovations per project. The
average number of innovations per project dramatically increases as the selection of the GC/CM
focuses more on qualifications and less on price. The owner's selection of the contractor based
solely on price disregards the qualifications of the contractor in terms of its ability to implement
construction processes by emphasizing the need to construct the facility for the lowest possible
price. When the owner considers both qualifications and price, the number of innovations per
project begins to increase in unison with the capabilities of the contractor. Finally, when the
owner disregards price and focuses solely on qualifications, the number of innovations per
project increases dramatically as highly qualified contractors not only implement innovations in
the project, but introduce and develop innovations along with the rest of the project team.
GC/CM SELECTION Number of Projects Number of Innovations Average Nuberoet
Qualifications 5 31 6.2
Time 0 0 0.0
Price (Low Bid) 7 19 2.7
Best-Value (Q, T, P) 5 17 3.4
TOTAL 17 67 3.9
Table 5.53 - Number of Projects and Innovations by GC/CM Selection
5.3.3.3 Team Member Relationships
5.3.3.3.1 Owner-Architect Relationships
Table 5.54 indicates that relationships between the owner and the architect are
approximately distributed evenly between new, stable, and strong in both the public and private
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sectors. In seven of the projects, the owner and the architect worked together for the first time. In
five of the projects, the relationship between the owner and the architect was consistent over a
period of several years. Of the remaining five projects with strong relationships, three of the
architects were retained on a continuing contract basis, while two other projects hired architects
with whom the owner had contracted with on several projects over a number of years. The
results confirm the willingness of public and private owner to trust the qualifications of the
designer and contract with architects regardless of the fact that neither party may have ever
worked together previously.
OWNER- OWNERS TOTAL # % OFARCHITECT PRIVATE / NON- PUBLIC / PROJECTS PROJECTSRELATIONSHIP GOVERNMENTAL GOVERNMENTAL
New 4 3
Stable 2 3
Strong 2 3
TOTAL 8 9
7 42%
5 29%
5 29%
17 100%
Table 5.54 - Number of Projects by Owner-Architect Relationships
Table 5.55 indicates the average number of innovations per project based on previous
relationships with the A/E. Surprisingly, the least amount of innovation occurs when the owner
and the A/E have a strong relationship over time. On the other hand, innovation occurs most
when the owner and the A/E work together for the first time. This may be explained by the
owner's willingness to challenge new designers as well as the A/E's desire to offer its new client
innovative solutions in anticipation of improved reputation and future business.
OWNER-ARCHITECT Number of Projects Number of Innovations Average Number of
RELATIONSHIP Innovations/Project
New 7 34 4.9
Stable 5 22 4.4
Strong 5 11 2.2
TOTAL 17 67 3.9
Table 5.55 - Number of Projects and Innovations by Owner-Architect Relationships
5.3.3.3.2 Owner-Contractor Relationships
Table 5.56 clearly reveals the tendency of both types of owners to build strong
relationships with contractors. Astonishingly, the owner and the general contractor worked
together for the first time in only one project, in which the general contractor was the low bidder.
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In only three projects, the relationship between the owner and the general contractor was
consistent over a period of several years. Of the remaining eleven projects with strong
relationships between the owner and contractor, five were subject to public procurement laws for
general contractor selection. Despite these restrictions, two projects were awarded to one general
contractor who had developed a strong relationship with the owner over several phases of
construction on one particular facility. On two other projects, the general contractors have
consistently been awarded the construction contract based on a successful low bid. On another
project, the general contractor has developed a strong relationship with the owner based on a
continual open-ended construction contract. In terms of the other six projects that weren't subject
to public procurement laws, the results reinforce the tendency in the private sector of nurturing
relationships with general contractors over several years and relying upon demonstrated
experience and past performance.
OWNER- OWNERS TOTAL # % OFCONTRACTOR PRIVATE / NON- PUBLIC / PROJECTS PROJECTSRELATIONSHIP GOVERNMENTAL GOVERNMENTAL
New 0 1 1 7%
Stable 2 1 3 20%
Strong 6 5 11 73%
TOTAL 8 7 15 * 100%
* Total does not equal 17 because the selection of the general contractor is yet to be determined on two projects.
Table 5.56 - Number of Projects by Owner-Contractor Relationships
Table 5.57 indicates the average number of innovations per project based on previous
relationships with the GC/CM. In sharp contrast to the results found relative to previous
relationships between the owner and the architect, the least amount of innovation occurs when
the owner and the GC/CM work together for the first time. On the other hand, innovation occurs
most when the owner and the GC/CM have a strong relationship over time. This finding may be
explained by the familiarity that develops between the owner and the contractor in terms of
allowing the owner to trust the experience of the contractor needed to implement innovation.
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OWNER-CONTRACTOR Number of Projects Number of Inovations Average Number of
RELATIONSHIP Innovations/Project
New 1 1 1.0
Stable 3 13 4.3
Strong 11 47 4.3
TOTAL 15* 61 4.1
* Total does not equal 17 because the selection of the general contractor is yet to be determined on two projects.
Table 5.57 - Number of Projects and Innovations by Owner-Contractor Relationships
5.3.3.3.3 Repeat Projects
Table 5.58 summarizes the number of repeat and non-repeat projects in the context of the
case studies. The results indicate that in only ten percent of the projects, the owner formed the
project team with the intention of working together on similar projects in the future. Despite the
fact that the majority of the projects were unique in nature, thereby eliminating the opportunity
for the project team to work together again under similar circumstances, it is interesting to note
that the owner and the contractor still maintained consistent relationships on the majority of
projects.
REPEAT OWNERS TOTAL # % OF
PROJECTS PRIVATE / NON- PUBLIC / PROJECTS PROJECTS
GOVERNMENTAL GOVERNMENTAL
Repeat 1 1 2 12%
Non-Repeat 7 8 15 88 %
TOTAL 8 9 17 100%
Table 5.58 - Number of Projects by Expected Repeat Projects
Table 5.59 indicates the average number of innovations per project based on repeat and
non-repeat types of projects. From the results, it is apparent that the amount of innovations per
project can significantly increase when the owner intends for the project team to work together
over several similar projects. As the members of the project team familiarize themselves with
one another, continuing relationships in a similar project environment allow the team members to
enhance teamwork over a long period while the owner appropriates the benefits of innovation
over time.
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REPEAT PROJECTS Number of Projects Number of Innovations Average Number of
_________________ __ ______ _________________ Innovation s/Proj ect
Repeat 2 10 5.0
Non-Repeat 15 57 3.8
TOTAL 17 67 3.9
Table 5.59 - Number of Projects and Innovations by Expected Repeat Projects
5.3.3.4 Team Member Timing and Commitment
5.3.3.4.1 A/E Timing and Commitment
Table 5.60 summarizes the timing and commitment of the A/E in the context of the case
studies. Based on the results, it is clear that the majority of owners in the private sector prefer to
introduce the A/E to the project prior to establishing the final budget for the project. This
strategy allows the A/E to offer design expertise as a prerequisite for finalizing amounts in the
ultimate budget for the project. On the other hand, the owners in the public sector typically
introduce the A/E to the project after the budget has been finalized. This strategy requires the
owner to anticipate the design and construction costs for the facility without considering input
from the project architect.
A/E TIMING and OWNERS TOTAL # % OF
COMMITMENT PRIVATE / NON- PUBLIC / PROJECTS PROJECTS
GOVERNMENTAL GOVERNMENTAL
Early/Pre-Budget 6 1 7 41 %
Late/Post-Budget 2 8 10 59 %
TOTAL 8 9 17 100%
Table 5.60 - Number of Projects by A/E Timing and Commitment
Table 5.61 indicates the influence of the timing and commitment of the A/E on the
average number of innovations per project. Based on the results, the timing and commitment of
the A/E appears to have a significant impact on the amount of innovations per project. The
selection of the A/E prior to the firm establishment of the budget for the project contributes to
nearly twice the number of innovations per project than the projects that selected the A/E after
the budget was firmly established. This finding reveals that by selecting the A/E prior to the
allocation of funding for the project, the A/E is given an opportunity to propose alternative
solutions while refining the budget to match realistic intentions. The finding supports the idea
130
that by selecting the A/E after funding for the project has been allocated, the A/E has less
incentive to propose innovations that fall outside of the scope of the budget.
A/E TIMING AND Number of Projects Number of Innovations Average Number of
COMMITMENT Innovations/Project
Early/Pre-Budget 6 34 5.7
Late/Post-Budget 11 33 3.0
TOTAL 17 67 3.9
Table 5.61 - Number of Projects and Innovations by A/E Timing and Commitment
5.3.3.4.2 GC/CM Timing and Commitment
Table 5.62 summarizes the timing and commitment of the GC/CM in the context of the
case studies. Based on the results, the introduction of the GC/CM to the project by the private
sector owners is nearly split between early and late. One particular owner hires a construction
manager during the early stages of the project to complement the designer's knowledge and
obtain pre-construction advice during the design process. On the other hand, another owner relies
primarily on the designer as the "key coordinator" for the project and staffs its organization
internally with construction professionals to evaluate pre-construction issues during the design
process. In terms of the public projects, all of the owners introduced the GC/CM to the project
after design was completed. This strategy is a result of the public procurement laws that require
the public owner to procure professional services for the project in a design-bid-build sequence.
In this case, the contractor is unable to offer construction expertise during the design process and
is first introduced to the project during bidding and negotiation. In some instances, it is too late
for the contractor to present alternatives for construction during this stage when the design has
been finalized and construction is nearly underway.
GC/CM TIMING OWNERS TOTAL # % OFAND PRIVATE / NON- PUBLIC / PROJECTS PROJECTSCOMMITMENT GOVERNMENTAL GOVERNMENTAL
Early/Pre-Design 5 0 5 29 %
Late/Post-Design 3 9 12 71 %
TOTAL 8 9 17 100%
Table 5.62 - Number of Projects by GC/CM Timing and Commitment
Table 5.63 indicates the average number of innovations per project based on the timing
and commitment of the GC/CM. Again, the timing and commitment of the GC/CM has a major
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impact on the average number of innovations per project. Owners who introduce the GC/CM to
the project prior to the final design phase contribute to over twice as many innovations per
project than owners who introduce the GC/CM to the project after the design is finalized. This
finding reveals that by selecting the GC/CM prior to design completion, the GC/CM is given an
opportunity to propose alternative design solutions and provide pre-construction advice needed
to evaluate potential innovations. The finding supports the idea that by selecting the GC/CM
after the design for the project has been completed, the GC/CM has less incentive to propose
innovations that fall outside of the designer's willingness to incorporate and the contractor's
ability to financially control.
GC/CM TIMING AND N Average Number of
COMMITMENT Number of Projects Number of Innovations Innovations/Project
Early/Pre-Design 5 31 6.2
Late/Post-Design 12 36 3.0
TOTAL 17 67 3.9
Table 5.63 - Number of Projects and Innovations by GC/CM Timing and Commitment
5.3.4 Project Scope
5.3.4.1 Facility Type
It is important to verify if innovation is consistent over a range of project types or is
isolated and more favorable in an environment of one particular project type. Based on the
results indicated in Table 5.64, there appears to be an even distribution of innovations between
residential, office, mixed-use, and other-defined projects in the case study. Although the project
types with the least amount of innovations include academic and R&D type facilities, the results
are misleading. In terms of the one academic facility, there are a host of variables explored in
this section that will help explain the low occurrence of innovation. In the R&D facilities, two
projects by one private owner averaged over six innovations per project, whereas four projects
by one governmental owner averaged only one innovation per project. The remainder of this
section will concentrate on why such a significant difference may exist within the same project
type and identify the mechanisms that allow such a disparity to exist.
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FACILITY TYPE Number of Projects Number of Innovations Average Nuberoet
Residential 3 14 4.7
Office 2 10 5.0
Academic 1 2 2.0
R&D 6 17 2.8
Mixed-Use 3 13 4.3
Other 2 11 5.5
TOTAL 17 67 3.9
Table 5.64 - Number of Innovations by Facility Type
5.3.4.2 Functional Life
Table 5.65 summarizes the average number of innovations per project based on the
functional life of the facility. The results indicate that facilities with a longer functional life tend
to have more innovations than facilities with a shorter functional life. The requirement for a
longer facility life span may contribute to innovation by challenging the project team to
investigate ways to enhance the performance of the facility over the long term. This is apparent
by the fact that the majority of identified innovations targeted facility performance and life cycle
cost savings as expected benefits to innovation. By extending the functional life of the facility,
the owner is also allowed to appropriate the benefits of innovation over the long term. Figure 5.2
summarizes the effect of facility functional life on the frequency of innovation per project.
FUNCTIONAL LIFE Number of Projects Number of Innovations Average Number of
(Years) Innovations/Project
0-25 4 4 1.0
26-49 6 22 3.7
50-100 7 41 5.9
100+ 0 0 0.0
TOTAL 17 67 3.9
Table 5.65 - Number of Innovations by Functional Life
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Figure 5.2 - Summary of Average Number of Innovations per Project by Functional Life
5.3.4.3 Project Objectives
Table 5.66 summarizes the average number of innovations per project based on the
number of objectives for the project. Based on the results, project objectives appear to have a
significant impact on the amount of innovations per project. A positive correlation exists
between the number of project objectives and the average number of innovations per project until
the number of project objectives approaches eight. At that point, the number of innovations per
project begins to recede. This evidence suggests that too few objectives may not adequately
challenge the project team to develop innovation as a means of meeting the owner's
requirements for the project. On the other hand, too many objectives may force the project team
to focus on successfully meeting the requirements for the project at the sacrifice of achieving
innovation.
NUMBER OF PROJECT Number of Projects Number of Innovations Average Number of
OBJECTIVES NmeofPoet NubroInvais Innovations/Project
0-4 5 13 2.6
5 3 9 3.0
6 3 14 4.7
7 3 21 7.0
8+ 3 10 3.3
TOTAL 17 67 3.9
Table 5.66 - Number of Innovations by Project Objectives
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To illustrate the correlation that exists between project objectives and construction
innovation, green design offers an example of an innovation that originated in a project with
strong objectives for facility performance, initial and life cycle cost analysis, environmental
issues and other important criteria. In this case, the owner established a requirement that the
design team devise a sustainability implementation plan for translating concepts of green design
into the built facility. Although the innovations are currently in the early stages of development,
special curtain walls, fresh air systems, and gray water methods are being tested in the context of
the project to evaluate the cost, value and risk associated with concepts for green design over the
life cycle of a facility. Unfortunately, many techniques for environmentally-friendly design are
illegal in the United States according to code requirements, while most citizens in this country
have too high of expectations for such systems (Bade 2000).
In another project, the owner established the requirement that the designer be "sensitive
to making the building more soft-edged" (Elkins 2000). As a result, the architect proposed non-
reflective, low-emissive glass panels, which were unique to office applications. The owner also
anticipated telecommunication requirements for the tenants of the facility, and worked with the
designers and system consultants to develop a telecommunication infrastructure backbone within
the core of the building. In both instances, the owner was able to drive the innovation process by
being well educated and forward thinking enough to not only establish objectives for the project,
but also objectives for innovation as well.
5.3.4.4 Project Complexity
Table 5.67 summarizes the average number of innovations per project based on the
number of complexities in the project. Based on the results, project complexities appear to have a
significant impact on the amount of innovations per project. A positive correlation exists
between the number of project complexities and the average number of innovations per project
until the number of complexities reaches five. At that point, the number of innovations per
project begins to recede. This evidence suggests that too little complexity may not adequately
challenge the project team to develop innovation as a means of overcoming the complexities in
the project. On the other hand, too many complexities may force the project team to focus on
successfully overcoming the complexities in the project at the sacrifice of implementing
innovation.
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NUMBER OF PROJECT Average Number of
COMPLEXITIES Number of Projects Number of Innovations Innovations/Project
0-2 6 14 2.3
3 4 19 4.8
4 4 25 6.3
5+ 3 9 3.0
TOTAL 17 67 3.9
Table 5.67 - Number of Innovations by Project Complexity
To illustrate the correlation that exists between project complexities and construction
innovation, seismic design offers an example of an innovation that originated in a project with
complexities associated with construction at an existing facility, the integration of new structure
and enclosure, and other important issues. In this case, the owner rejected an initial plan for K-
braces for reasons of public safety and challenged the designers to come up with a new scheme.
As a result, the designers proposed a unique, innovative solution of external diagonal X-bracing
for carrying seismic loads to the ground. This innovation occurred as a direct result of the owner
rejecting conventional systems and "forcing the designers to find a new and better solution to a
difficult problem" (Marshall 2000).
5.3.5 Mechanisms of Inter-Firm Collaboration
5.3.5.1 Super-Ordinate Goals
Table 5.68 summarizes the number of projects in which the owner established super-
ordinate goals for the facility. Based on the results, nearly two-thirds of the projects were
influenced by super-ordinate goals for the performance of the facility itself. In the private sector,
goals for facility performance were followed closely by other important super-ordinate goals
including aesthetics as a second-most regarded concern, environmental issues, and social
considerations. In the public sector, although facility performance and aesthetics are important
issues, the major proportion of projects was influenced by the project team's focus on reducing
the initial cost of the facility, which was far more less of a concern in the private sector. None of
the project teams specifically worked together on reducing the life cycle cost of the facility.
136
SUPER- OWNERS TOTAL # % OFORDINATE PRIVATE / NON- PUBLIC / PROJECTS PROJECTS
GOALS GOVERNMENTAL GOVERNMENTAL
Facility Performance 7 3 10 59 %
Initial Cost 0 4 4 24%
Life-Cycle Cost 0 0 0 0 %
Aesthetics 5 1 6 35 %
Environmental 1 0 1 6 %
Social 3 0 3 18%
None Identified 0 1 1 6 %
Table 5.68 - Number of Projects by Facility Super-Ordinate Goals
Table 5.69 summarizes the number of projects in which the owner established super
ordinate goals for construction. In terms of the results, nearly one-half of the projects were
governed by the super-ordinate goal of construction performance. In these projects, quality-
construction was the overriding team objective for the project. In addition, approximately one-
half of the projects were influenced by the super-ordinate goal of the construction schedule. In
these cases, the phasing and schedule for the project became the overriding objective for the
project team. The results indicate the clear separation between the private owners who tend to
value the quality of construction over the public owners who seem to emphasize the completion
of the project in the shortest amount of time. Four of the projects were executed in accordance
with no construction-related super-ordinate goals.
SUPER-ORDINATE OWNERS TOTAL # % OF
GOALS PRIVATE / NON- PUBLIC / PROJECTS PROJECTSGOVERNMENTAL GOVERNMENTAL
Construction Performance 6 2 8 47 %
Construction Schedule 2 7 9 53 %
Environmental 0 0 0 0 %
Safety 0 0 0 0%
None Identified 2 2 4 24 %
Table 5.69 - Number of Projects by Construction Super-Ordinate Goals
Table 5.70 summarizes the average number of innovations per project based on the
number of super-ordinate goals for the project. Based on the results, the use of super-ordinate
goals appears to have an impact on the amount of innovations per project. A positive correlation
exists between the number of super-ordinate goals and the average number of innovations per
project until the number of super-ordinate goals reaches four. At that point, the number of
137
innovations per project begins to recede. This evidence suggests that the implementation of
innovation may be sacrificed at this point to ensure the successful achievement of more
important and overriding goals for the project.
NUMBER OF SUPER- Number of Projects Number of Innovations Average Number of
ORDINATE GOALS Innovations/Project
0 0 0 0
1 3 7 2.3
2 6 19 3.2
3 6 33 5.5
4+ 2 8 4.0
TOTAL 17 67 3.9
Table 5.70 - Number of Innovations by Super-Ordinate Goals
To illustrate the correlation that exists between super-ordinate goals and construction
innovation, one of the projects in the study that established super-ordinate goals for facility
performance, construction performance, and social aspirations challenged the design and
construction team to integrate sophisticated mechanical systems into a human environment. As a
result, a double-layer EPDM roofing system, high-impact drywall, low-emissive glass, and a
high-performance mechanical and pool heat recovery system include some of the innovations
introduced into the project as a result of such owner-driven goals for the project. For instance,
the construction manager worked closely with the architect and its subcontractors to develop a
fully adhered roofing system to avoid the use of self-tapping screws, which were viewed as a
source of rust if metal scraps became lodged into crevices within the facility (Madrid 2000). In a
similar fashion, mechanical duct mock-ups were created to assist the designers in architecturally
designing the details and components of the exposed mechanical system.
Another project in the study, which established super-ordinate goals for facility and
construction performance, aesthetics, and social aspirations, created an innovative "Task Force"
to develop a facility program to serve as a set of instructions for the architect. In addition, a
"Founder's Group" was established to act as the project client during the design and construction
of the new facility. These groups consisted of students, faculty, staff and alumni designated with
the responsibility of facilitating the community planning process and representing the interest of
the facility occupants. As a direct result of their involvement and the owner's attention to social
influences, the architect was able to achieve an innovative facility layout that provided flexibility
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through nine room configurations and social interaction through spatial connections. A similar
social-oriented super-ordinate goal on another project resulted in over $100 million of work
associated with relocating the facility's central heating and cooling plant so that the owner
organization could contribute to the overall welfare of the city. Figure 5.3 summarizes the effect
of project objectives, complexities, and super-ordinate goals on the frequency of innovation per
project.
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Figure 5.3 - Summary of Average Number of Innovations per Project by Project
Objectives, Complexities and Super-Ordinate Goals
5.3.5.2 Rules & Procedures
Table 5.71 reveals the average number of innovations per project based on the owner's
establishment of formal and informal rules and procedures for the project team. The results
confirm previous literature by suggesting that informal rules and procedures tend to foster
innovation over formal rules and procedures. This result implies that informal rules and
procedures provide members of the project team a degree of flexibility necessary to explore
alternative solutions and propose innovation. Formal rules and procedures seem to limit the
creativity of the project team by emphasizing rigid guidelines and firm specifications that must
be adhered to.
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PROCDURES Number of Projects Number of Innovations Average Nuberoet
Informal 8 44 5.5
Formal 9 23 2.6
TOTAL 17 67 3.9
Table 5.71 - Number of Innovations by Type of Rules & Procedures
In one of the more innovative projects, the owner utilized a general project program that
focused on each feature of the building and provided a handrail for each of the various designers
to navigate their way from conceptual design into the exact representation of what the owner
wanted to build. In terms of team collaboration, the owner's representative on the same project
emphasized the importance of consultants being able to "get together off-line and solve issues
and coordinate efforts in a less formal setting to come up with the best means that makes sense
for a given situation" (Brazier 2000). Another owner agreed that it is sometimes best for an
owner to not be present during some meetings because there tends to be competition posturing
toward the owner when two or more organizations are present in a formal meeting.
5.3.5.3 Accessibility
5.3.5.3.1 Physical Proximity
Tables 5.72 and 5.73 summarize the average number of innovations per project based on
the physical proximity of the architect and the general contractor/construction manager,
respectively. Based on the results, the physical proximity of the architect does not appear to have
a major impact on the amount of innovations per project. The results also indicate that it is not a
major concern of the owner to select an architect within close proximity. On the other hand, the
physical proximity of the general contractor/construction manager appears to have a slight
impact on the number of innovations per project. In this case, it is important for the GC/CM to be
close to the construction site as a means of making a full commitment to the project. This result
also clearly indicates the strong preference of the owner to select a general
contractor/construction manager of close proximity.
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ARCHITECT PHYSICAL Number of Projects Number of Innovations Average Number of
PROXIMITY Innovations/Project
City 3 11 3.7
State 1 5 5.0
National 12 44 3.7
International 1 7 7.0
TOTAL 17 67 3.9
Table 5.72 - Number of Projects and Innovations by A/E Physical Proximity
GC/CM PHYSICAL Number of Projects Number of Innovations Average Number of
PROXIMITY Innovations/Project
City 13 55 4.2
State 1 4 4.0
National 1 2 2.0
International 0 0 0.0
TOTAL 15* 61 4.1
* Total does not equal 17 because the selection of the general contractor is yet to be determined on two projects.
Table 5.73 - Number of Projects and Innovations by GC/CM Physical Proximity
5.3.5.3.2 Co-Location
Table 5.74 summarizes the average number of innovations per project based on the
permanent co-location of the owner and/or architect on the construction site. Based on the
results, the co-location of both the owner and the architect appears to have a significant impact
on the amount of innovations per project. It may be disappointing to some owners to know that
the utilization of an agent to act as the owner's representative during construction contributes to
the least amount of innovations. The direct involvement of the owner is an essential ingredient
for implementing innovation during construction. As suggested by the results and in accordance
with the opinion of one particular owner, the co-location of the owner, architect and contractor
may actually hinder innovation by causing the members of the project team "get in the way" of
each other during construction.
Number of Average Number of
CO-LOCATION Number of Projects Nubro AvagNmerfInnovations Innovations/Project
Owner's Agent 6 10 1.7
Owner 3 19 6.3
Owner/Owner's Agent and Architect 7 36 5.1
TOTAL 16* 65 4.1
* Total does not equal 17 because the extent of co-location is yet to be determined on one project.
Table 5.74 - Number of Projects and Innovations by Owner and Architect Co-Location
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5.3.5.4 Partnering
Table 5.75 illustrates the average number of innovations per project based on the degree
of partnering in the project. The results show that the conducting of partnering sessions or the
hiring of a partnering consultant isn't necessarily required to achieve innovation. However, the
results are misleading in that of the six projects that didn't utilize partnering mechanisms, two of
the projects relied on a project-based web site and two of the projects relied on the permanent co-
location of the owner on the construction site. Of the remaining two projects, the owner relied
solely on video-conferencing to bring the team members together, but was only able to achieve
an average of one innovation per project. Compared to this result, partnering appears to have a
much more significant impact on the average number of innovations per project than at first
glance. The result also implies that the hiring of an experienced formal partnering consultant
outside of the project team who is responsible for conducting partnering sessions is much more
favorable toward innovation than informal partnering sessions conducted by the owner or
another member of the project team.
PARTNERING Number of Projects Number of Average Number ofInnovations Innovations/Project
No Partnering 7 32 4.6
Informal Partnering Sessions 4 9 2.3
Formal Partnering Consultant 6 26 4.3
TOTAL 17 67 3.9
Table 5.75 - Number of Projects and Innovations by Partnering
In one particular project that utilized a formal partnering consultant, the owner's
representative was initially apprehensive toward the idea of conducting partnering sessions.
However, the mechanism worked out well over the course of the project and proved to be an
effective tool for kicking off a new phase of work, pulling the team together to talk about issues
they were getting ready to face, and resolving problems with contractors and subcontractors. At
the leadership level, partnering sessions improved communication, provided a better
understanding of goals, assisted the project team in devising a plan to obtain its goals, fostered
chemistry between project team members, and stirred the pot in a productive way. As an
outgrowth of the partnering sessions, the owner developed organizational charts for the project to
understand the flow of information in different directions and multi-dimensionality between
various teams. This allowed the project team members to understand themselves better on a
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global basis. Overall, partnering allowed the team members in this project to address the
overwhelming complexities associated with the project and achieve three notable innovations in
the facility.
5.3.5.5 Communication
Table 5.76 indicates the average number of innovations per project based on different
means of communication by members of the project team. Project-based web sites appear to be
the most effective tools of communication during the development and implementation of
innovations. At the project level, project-based web sites allow the efficient transfer of document
and information exchange. At the innovation level, the common database allows team members
to efficiently relay information needed during innovation development to establish innovation
requirements, propose alternative ideas, evaluate the optimal solution, and plan for the
innovation. During innovation implementation, the database allows progress to be monitored and
uncertainty to be addressed effectively.
COMMUNICATION Number of Projects Innova ons InnovatioNumberoet
Traditional Means of Communication 5 22 4.4
Video and Web-Conferencing 4 4 1.0
Project-Based Web Sites 5 28 5.6
All of the Above 2 8 4.0
TOTAL 16* 62 3.9
* Total does not equal 17 because the utilization of a project-based web site is yet to be determined on one project.
Table 5.76 - Number of Projects and Innovations by Means of Communication
Many owners are currently engaging in internal and external project-based web sites in
an effort to share information and solicit feedback on construction projects. Externally, owners
are utilizing web-based advertisements to bid to share information with the contractor regarding
planning over the long term, which allows contractors to prepare for the project, gather
information, and formulate teams early on. In turn, the owner can benefit from getting the best
value from higher qualified people in an environment of early collaboration. Internally, today's
owners are forcing the project team members to use such systems by specifying in the bid
documents "if the contractor wants to bid the job, these are the communication requirement"
(Marshall 2000). In this case, owners are benefiting from the timesaving associated with the
143
faster processing of requests for information, the use of digital photographs for solving problems,
the ease of communication, and the enhancement of teamwork.
In addition, it appears that the isolated use of video and web-conferencing does not
significantly contribute to innovation. Four of the projects that relied primarily on video and
web-conferencing for communication were able to achieve an average of only one innovation per
project. On the other hand, projects that relied on traditional communication tools or utilized
alternatives such as partnering mechanisms, project-based web sites, and co-location
mechanisms were much more successful at developing and implementing innovations.
Although this study did not specifically focus on the influence of face-to-face
communication on the frequency of construction innovation, such interaction clearly played an
important role in each of the projects undertaken by one of the more innovative owner
organizations. For instance, this particular owner, who averaged over four innovations per
project, utilized submittal parties during the construction planning process to review and approve
subcontractor submittals during one single event. Considered an imaginative management
innovation, this process allows a variety of disciplines to come together to communicate valuable
experience and knowledge as a prerequisite for evaluating building system alternatives and
making expedient decisions regarding the project and potential innovations.
5.4 Summary of Results
In summary, organization and project data was presented in the first section of the results
to provide a general portrayal of the owners and offer a broad description of the projects
explored throughout the course of the study. In the second section of the results, innovation data
was presented to depict the nature of the innovations identified in the projects. The final section
of the results tested the critical variables that govern organizations and projects based on the
frequency of innovation to determine the factors and mechanisms that permit the owner to
enhance innovation collaboration.
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6 CONCLUSION
6.1 Thesis Summary
The purpose of this research was to identify the factors and mechanisms that permit the
owner to enhance innovation collaboration within a temporary organization of allied companies
and firms joined for the sole purpose of designing and delivering high-performance construction
projects. The construction industry was chosen to gather empirical data from actual construction
projects to investigate how project teams work together in an environment of large, complex
projects. Existing literature in topics including organizations, construction, inter-firm
collaboration, and innovation was extensively reviewed to create a framework of organization
and project variables used to measure their effect on both the nature and extent of innovation in
the project case studies.
Due to the extensive role that the owner plays in construction projects, organization and
transaction cost theories were investigated to explore how the owner can optimize the structure
of its organization to manage the facility procurement process with an emphasis on developing
and implementing innovation in their projects. Principal-agent theory provided insight into the
relationship that an owner (principal) establishes with project team members (agents) who
perform work on behalf of the owner under contractual arrangements that assign responsibilities
in accordance with project delivery, create incentives for agent performance, and allocate risk
and reward between multiple organizations. Network and team theory offered insight into
understanding the dynamics associated with inter-organizational project teams and suggested that
the process of team formation and the nurturing of long term relationships are essential aspects
of effective team composition. Inter-firm collaboration and cross-functional cooperation
presented mechanisms that may be employed by the owner to enhance how the project team
works together under the specifics defined for the project, including the challenges associated
with optimizing innovative activity. Finally, innovation literature provided a general
understanding of innovation as a basis for measuring the frequency of innovation in construction
projects.
Seventeen different construction projects by seven different owner organizations were
researched through semi-structured interviews with actual owner representatives and project
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team members. Sixty-seven innovations were identified and associated with sixteen of the
construction project case studies.
6.2 Conclusions
Through the use of seven very different owners, one of the most interesting aspects of
this research was the opportunity to step outside of the architect/engineer/contractor role and
explore how different organizations approach design and construction. By comparing and
contrasting each owner, it was apparent that owners have very different opinions in terms of the
construction industry itself, the definition of a champion project, and the extent to which
construction innovation is important. A common thread through all of the innovative projects
was that the innovative owner generally creates an organization that recognizes and places
significant value not only on construction innovation, but also on innovation in other aspects of
its business or activity. This type of organization was more likely to have a policy of innovation
embedded into the culture of the organization and its people. Secondly, innovative projects
tended to have a vision of high quality and expectation that permeated its way down through all
levels of the organization. In these projects, respect and professionalism provided the foundation
upon which the project team members worked together to achieve a successful project and
innovation outcome. Finally, each team member's optimistic passion for architecture,
engineering, construction, management, work and life, as well as a dedication and commitment
toward making things better seemed to be a personal, but essential, ingredient for making
innovation a reality.
6.3 Findings
One of the main objectives of this research is to present a "prescriptive handbook" for the
owner to utilize when managing the innovation process both within and across firm boundaries
(see Table 6.1). The owner's ability to foster inter-firm collaboration for innovation development
and implementation in building construction begins at the organizational level. As a prerequisite
to innovation, the owner must establish an organization that can effectively manage not only the
facility procurement process, but also the innovation process. In order to do this, an owner will
first need to make a determination as to the value that the organization places on construction
innovation and formulate a decision in terms of the extent to which the organization will invest
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in construction-related assets and competencies. With a strong interest in construction
innovation, an owner basically has two available options. For an owner who seldom builds
facilities or constructs a facility that is unique to the project types typically constructed by the
owner, the optimal strategy appears to be for the owner to contract with an external organization
that specializes in procuring innovative facilities. On the other hand, for an owner who builds
frequently and relies on innovative facilities as an integral aspect of the organization's mission
and existence, it appears that a significant investment in design and construction related assets
and competencies is the best strategy. Either way, the actual individuals responsible for
procuring the facility on behalf of the owner's organization should be highly trained and
experienced as a construction industry professional and will need to make a full-time
commitment to the project from initial conception through, most instances, post-completion of
the project. It is advantageous for the owner to be an active participant throughout the
procurement process and may, for example, utilize construction auditing during the construction
stage to evaluate the performance of the construction team. By the same token, active
involvement and commitment on behalf of the owner can foster the innovation process through
establishing the requirement for innovation and evaluating the implementation of the innovation
by multiple organizations that make up the project team.
Once an owner completes the development of its capabilities, it becomes responsible for
creating the design and construction team that will, or will not, ultimately innovate on the
construction project. The attitude that the owner displays toward the project team can
significantly affect the outcome of a project as well as the likelihood of innovation, and is often
influenced by factors such as a particular organization's reliance on company policies and/or
laws that govern the organization. Specifically, principal-agent analysis reveals that project
delivery methods, contract types, award methods, and performance incentives are typically
influenced by restrictions placed on organizations in the public sector and preferences
established by organizations in the private sector.
The findings associated with the organization of project teams agree with the basic
principles of principal-agent theory. It was discovered that an owner's clear designation of
responsibilities and impartial treatment of individual team members, such as the architect and
contractor, not only have a more favorable outcome on the overall project, but also on the degree
of success in the team's ability to develop and implement innovation. Through the interweaving
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of the architect's responsibility for design and the contractor's responsibility for construction, the
owner can simultaneously integrate the facility design and construction process as well the
innovation development and implementation process. In some instances, it may make most sense
to directly approach, negotiate, and contract with a specialty organization that specifically
focuses its efforts on a particular technology associated with a specific innovation.
In terms of design and construction contracts, the findings agree with the general premise
of principal-agent theory that parties tend to seek the most efficient allocation of risk in
contracts. Specifically, it is best to allocate risk to the party that is most capable of bundling,
accepting and managing the risk at the most affordable price. Presumably, because the financial
risk associated with design and construction differs substantially, there is an overwhelming
tendency for owners to trust the performance of designers through reimbursable contracts and, in
sharp contrast, place all of the financial risk associated with construction primarily on the
contractor. Again, the findings confirm that a more optimal sharing of financial risk between the
owner and contractor can better allocate the risk and uncertainty of innovation to each of the
parties, leading to overall better project and innovation results.
Likewise, a negotiated award method may be utilized by the owner to illustrate that the
owner is willing to place its trust in the contractor. In this case, the owner may emphasize that it
is seeking results on the basis of more important considerations, such as successful innovation,
rather than a game of win or lose on the basis of low price. While formal contractual incentives
to perform, or innovate, are not necessary in the contract, an owner should utilize positive
contractual incentives over negative contractual incentives in the event that incentives must be
included.
An owner's attitude toward the design and construction project team will influence the
actual makeup or composition of the project team. Specifically, an organization's beliefs, or legal
requirements, will control the methods in which architects and contractors are solicited, selected,
and introduced to the project, and determine the extent to which an owner can maintain ongoing
relationships with design and construction professionals over the long term. While the findings
reveal a clear tendency of owners to compose design and construction teams based on
significantly different criteria, a more equal composition may be more favorable to both project
outcome and innovation success.
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First of all, while private sector organizations typically search for both architects and
contractors on an invitation-only basis, public sector organizations utilize an open-invitation
policy. Measures of innovation frequency reveal that innovation is much more prevalent when
team members are selected on an invitation-only basis due to the owner's ability to help ensure
that only highly qualified team members take part in the project. In addition, while all owners
prefer to select the designer based strictly on qualifications, the same majority is more prone to
select the contractor based on criteria for price. In this case, findings reveal that an owner can
increase the likelihood of innovation by selecting the contractor on the basis of qualifications and
on a similar platform as the designer. Surprisingly, the pre-qualification of the contractor does
little to ensure that only highly qualified contractors bid on an owner's job. In addition, such
measures actually inhibit the degree of innovation on a project, presumably by placing additional
financial pressure on a contractor to not only satisfy the owner, but a third party surety company
as well.
The relationships established between owners and construction industry professionals
over the long term have an extraordinary impact on an owner's ability to target construction
innovation. While both types of owners show a tendency to establish long-term relationships
with both architects and contractors, innovation is more likely when an owner works with a new
architect and a well-known contractor. In this case, new architects appear to be more willing to
go out of their way to satisfy a new owner, perhaps through the development of innovation,
while the trust that develops between an owner and contractor allows their healthy marriage to
pursue a wealth of innovation over several years. In a similar respect, repeat projects that allow
common individuals and project teams to work together repeatedly contribute to better project
outcomes and allow the project team to benefit from a higher degree of innovation over a longer
period of time.
In both instances of architect and contractor selection, it is best to introduce the project
team members to the project as early as possible. In terms of both project and innovation levels,
this strategy allows project team members to consider innovation during preliminary stages of
the project and better manage the risk and uncertainty associated with developing and/or
implementing innovation in a project on behalf of the owner.
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The specific requirements of a project are the mechanisms by which the owner challenges
the project team to perform under the environment created by the owner. In this case, project
scope may vary in accordance with the nature of the owner that undertakes a construction
project. Despite these variances, the owner may utilize project specifics to challenge the project
team to innovate. For example, findings reveal that as the owner extends the functional life of the
facility, the project team must often look to innovation to accomplish a longer functional life,
which in turn permits the owner to benefit from innovation over the long term. In addition, the
owner can introduce project objectives and address project complexities as a means of
challenging the project team to propose, develop and implement innovation to satisfy the
demands of the objectives and complexities.
As a final note, it is apparent from the study that owners typically acknowledge the need
for its project team to work together peacefully and constructively. While owners may utilize
collaborative tools such as super-ordinate goals, formal and informal rules and procedures,
physical proximity, partnering, project-based web sites, video and web-conferencing, and co-
location, the basic idea is for the owner to employ mechanisms that focus the efforts of the
project team. These mechanisms are generally applied on the basis that by enhancing the
cooperation between multiple disparate organizations, the potential for collaboration for
innovation development and implementation may be likewise increased. While some tools
appear to have little impact on innovation, super-ordinate goals, informal rules and procedures,
and project-based web sites specifically increase the frequency of innovation. These tools
essentially rally members of diverse organizations under a shared common purpose, provide
enough flexibility in the project to compensate for the dynamics associated with construction and
innovation, and offer a means of communication under which the entire project team can share
information in a seamless, collaborative environment.
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6.4 Recommendations for Future Study
It is difficult to capture all of the fine details regarding the dynamics that take place
throughout the course of a construction project. Fortunately this study focused on a limited
number of organizations and construction projects, but there are still several aspects of project
team collaboration, such as the role of subcontractors, which could have been further
investigated with additional time. Probing further into the project organization may have
contributed to a better understanding of the "micro" elements of construction processes that were
lost by conducting the study at the "macro" level. In addition, while this study concentrated on
the owner as the central entity in a construction project that directly contracts with the designer
and builder, further research could potentially explore the role of other external organizations,
such as regulatory agencies and financial lenders, on an owner's capacity to innovate. Finally,
although previous research has explored the contractor's role in innovation collaboration, future
study could focus on the designer's role in construction innovation to better explain the process
by which innovative ideas are conceptualized, evaluated, and either pursued or rejected as a
prerequisite to innovation development.
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Owner Capabilities
Owner Approach
Team Composition
Subject Variable ~ Invto N* Ini
Investment in Design Invest internally, or outsource to specialized
and Construction external organization.
Internal Design and
Construction
Competence
Establish a designated owner's representative or
separate department to oversee the facility
procurement process.
Owner Involvement and Fully commit owner resources over the life cycle of
Commitment the project.
Construction Audit
Project Delivery
Method
Establish an open-book policy and audit
contractor's costs during the construction process.
Utilize a CM @ Risk delivery method to better
integrate the design and construction process.
Multiple Prime Hire a specific specialty subcontractor to perform
Contracting/End-Runs work associated with innovation.
A/E Contract Utilize (reimbursable) fixed-fee contract between
the owner and A/E.
Utilize (hybrid) guaranteed maximum price (GMP)
GC/CM Contract contract to optimize the sharing of risk and reward
between the owner and contractor.
Award Method Award the project based on a negotiated method toA emphasize the importance of innovation over price.
Contract Incentives
A/E Search I
Emphasize positive contract incentives over
negative contract incentives.
Search for the A/E on a closed or invitation-only
basis.
GC/CM Search Search for the GC/CM on a closed, invitation-only,
or negotiated basis.
GC/CM Pre- Establish trust as the most important criteria for the
Qualification pre-qualification of the GC/CM.
A/E Selection Select the A/E based on qualifications.
GC/CM Selection Select the GC/CM based on qualifications.
Owner-Architect Establish new relationships with the A/E.
Relationships
Owner-Contractor Establish stable or strong relationships with the
Relationships Contractor.
a PIntend for the project team to work together over
Repeat Projects several similar projects.
A/E Timing and Hire the A/E prior to the firm establishment of the
Commitment budget.
GC/CM Timing and
Commitment
Hire the GC/CM prior to the completion of the
design for the project.
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J
Establish a longer (50-100 year) functional life for
Functional Life the facility to benefit from in innovation over the
long-term.
Establish an appropriate amount (+/-7) of project
Project Scope Project Objectives objectives to challenge the project team to address
or propose innovation to meet the project objectives.
Acknowledge an appropriate amount (+/-4) of
project complexities to challenge the project team to
Project Complexity propose innovation to satisfy the project
complexities.
Facility and Establish an appropriate amount (+/-3) of super-
Construction Super- ordinate goals for the project to challenge the
Ordinate Goals project team to work together to address or proposeinnovation to meet the super-ordinate goals.
Utilize informal rules and procedures for the project
Rules & Procedures in lieu of formal rules and procedures to allow
flexibility needed to innovate.
a .t Select a GC/CM of close proximity to the project
Physical Proximity site.
Designate the owner or representative of the owner,
rather than an outside agent, permanently on site
Mechanisms of Co-Location during the construction process. Designation of the
Inter-Firm A/E permanently on site during construction is not a
Collaboration prerequisite for innovation.
Invest in a manageable project-based web site to
allow the project team members to relay information
.m i .effectively through a common database. Utilize
Communication alternative and more effective methods of
communication as video and web-conferencing is
not a prerequisite for innovation.
Utilize only formal partnering consultants
throughout the duration of the project. Otherwise,
Partnering partnering sessions are not a prerequisite for
innovation as other methods of partnering may be
more effective.
Table 6.1 - Summary of Mechanisms for Innovation
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A DELIVERY METHODS AND CONTRACT TYPES
A. 1 Delivery Methods
A.1.1 General Contractor/Design-Bid-Build
A general contractor (GC) is a single business entity that is solely responsible for the
means and methods of the performance of construction. Under the "traditional" project delivery
method of design-bid-build, the owner first hires an architect-engineer to design the project. At
the completion of the design phase, final plans and specifications are assembled and issued to
general contractors for bidding. Once the owner awards the contract to the selected general
contractor, the general contractor in turn hires specialty trade contractors as subcontractors to
build the project.
In the sequential design-bid-build delivery method, the architect-engineer is first
responsible for designing the project defined by the needs and requirements of the owner. During
construction, the architect-engineer provides a fiduciary relationship to the owner by ensuring
the integrity of the final product, while the general contractor's responsibility is to construct the
facility properly and in accordance with the design intent represented in the plans and
specifications. In this case, the relationship between the two primary agents of the owner has the
potential to turn adversarial, and the owner may find itself in the position of settling claims and
disputes. Figure A. 1 illustrates the organizational structure of a typical general contractor/design-
bid-build delivery method.
Owner
Architect GC
Engineers Subcontractors
Figure A.1 - General Contractor/Design-Bid-Build Organization Chart
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A.1.2 Construction Manager
A construction manager (CM) may be hired by the owner to provide construction
expertise during the early stages of the project. In effect, the construction manager may be
utilized as an extension of the owner's abilities in construction similarly to how the architect acts
as an extension of the owner's abilities in design. In contrast to the sequential design-bid-build
delivery method, both the A/E and the CM participate in a peer relationship with the owner and
serve as equal members of the project delivery team under a common owner-oriented project
goal. The CM delivery method also integrates design and construction by allowing the architect
and the contractor to work together during the design process.
Construction management has two basic forms consisting of construction manager at risk
(CM @ Risk) and construction manager as agent (CM as Agent). Each of the organizational
forms influences the role of the contractor in terms of responsibility in the project and the
allocation of risk.
A.].2.1 CM @ Risk
In the construction manager at risk delivery method, the CM @ Risk not only acts as a
construction consultant to the owner, but also bears the risk for the performance of construction.
In this case, the CM @ Risk is financially responsible for coordinating all of the specialty
subcontractors and executing the performance of construction. This method permits the owner to
shed all of the construction risk to the construction manager, while providing comfort to the
construction manager due to its involvement and control over constructibility issues during the
design process. Figure A.2 illustrates the organizational structure of a typical CM @ Risk
delivery method.
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Figure A.2 - CM @ Risk Organization Chart
A.1.2.2 CM as Agent
In the construction manager as agent delivery method, the CM as Agent is generally
retained on a fee basis and strictly maintains an agency posture throughout the delivery of the
project. In other words, the CM as Agent acts as a construction consultant to the owner, but bears
no risk for the performance of construction. In this case, a separate contractor or an assortment of
subcontractors is responsible for executing the performance of construction. Figure A.3
illustrates the organizational structure of a typical CM as Agent delivery method.
Owner CM as Agent
Architect GC
Engineers Subcontractors
Figure A.3 - CM as Agent Organization Chart
A.1.3 Multiple Prime Contracting or "End-Runs"
A multiple prime contractor delivery method consists of the owner directly contracting
with more than one contractor to perform specific portions of the project. In this case, the project
team may consist of multiple general contractors overseeing various specialty subcontractors, or
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multiple subcontractors performing only one trade. Under this organization, the owner basically
replaces the role of the general contractor or construction manager and becomes solely
responsible for managing the project and coordinating the team. Figure A.4 illustrates the
organizational structure of a typical multiple prime contractor delivery method.
Owner
Architect Subcontractors
Engineers
Figure A.4 - Multiple Prime Organization Chart
A.1.4 Design-Build
Under the design-build (D/B) delivery method, the owner retains a single design-build
entity, usually in the form of an A/E and GC joint venture, that provides both design and
construction services for the project. This delivery method differs from other methods in that the
responsibility and control over design and construction is held by a single entity over the
delivery of the project. Another major difference inherent in this delivery method is that the
construction cost is generally established and agreed upon during the early stages of design.
Because construction often takes place simultaneously while the design for the facility evolves
through various phases, this method attempts to integrate the design and construction processes
to the greatest degree. Figure A.5 illustrates the organizational structure of a typical design-build
delivery method.
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Figure A.5 - Design-Build Organization Chart
A.1.5 Turnkey
The turnkey delivery method is similar to the design-build delivery method, but provides
additional services to the owner such as project financing, site selection, permits and inspections,
and facility operation. In this delivery method, the turnkey contractor basically turns the "keys"
to a fully operational facility over to the owner at the end of construction. Figure A.6 illustrates
the organizational structure of a typical turnkey delivery method.
Figure A.6 - Turnkey Organization Chart
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A.1.6 Build-Operate-Transfer
The build-operate-transfer delivery method is similar to the turnkey delivery method,
except that in this method, the B-O-T team is responsible for providing operation and
maintenance services to the owner for a fixed amount of time. Over the life of the project, the B-
O-T team collects revenue to cover the cost of the design and construction of the facility and
compensate the entity for its services in the form of a profit. At the end of the operation period,
the project is then transferred back to the owner. This delivery method in which the project
essentially supports itself financially is commonly referred to as "privatization." Figure A.7
illustrates the organizational structure of a typical build-operate-transfer delivery method.
Owner
B-O-T Team
Architect Subcontractors Project Financing Operations
Engineers
Figure A.7 - Build-Operate-Transfer Organization Chart
A.2 Contract Types
A.2.1 Fixed Price
The fixed price (outcome-based) contract is commonly referred to as the "hard money
contract" because it essentially establishes a fixed sum for the execution or completion of a
defined quantity of work. The use of a fixed price contract between the owner and the contractor
allows the owner to facilitate cost control and reduce supervision responsibilities. However,
fixed price contracts require the design for the project to be completed prior to construction,
allocate more risk associated with construction cost and schedule to the contractor, and often
lead to adversarial relationships. Categories of fixed price contracts include the lump sum and
unit price contracts (Gordon 1994).
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A.2.1.1 Lump Sum
In a lump sum contract, the principal agrees to pay the agent a fixed sum of money in
exchange for a stipulated amount of work. The lump sum contract typically covers all labor,
materials, project and company overhead, profit, and contingencies. In this case, the agent
assumes all of the financial risk associated with these elements and must deliver the project
under the circumstances unless a "change order" permits the contract to be re-negotiated.
A.2.1.2 Unit Price
In a unit price contract, the principal agrees to pay the agent based on a set cost per unit
of each item. Unit price contracts are useful when the type of work is known, but the quantity of
work is unknown. The amount of the contract is determined by multiplying the actual number of
units constructed on the project by the unit price agreed upon. Again, the unit price contract
typically covers all labor, materials, project and company overhead, profit, and contingencies. In
this case, the agent assumes all of the financial risk for the project by being locked into the unit
price, but is not at risk for the number of units required to complete the project.
A.2.2 Reimbursable
The reimbursable (behavior-based) contract establishes financial arrangements that
compensate the agent for project costs without requiring the stipulation of a final fixed price. In
the context of construction contracts, reimbursable contracts require greater commitment on
behalf of the owner during construction, allocate better risk-sharing between the owner and the
contractor, and often result in less adversarial relationships. Categories of reimbursable contracts
include the cost-plus-percentage and cost-plus-fee contracts (Gordon 1994).
A.2.2.1 Cost-Plus-Percentage
In a cost-plus-percentage contract, the principal reimburses the agent for the cost of
performing the work, including labor, materials and project overhead, plus a fee, including
company overhead and profit. In this case, the fee may be in the form of a percentage of the cost
of construction or performance of the work. This type of contract is best utilized when the extent
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of the work is difficult to determine prior to the commencement of the work. Under this contract,
the principal accepts the financial risk associated with executing the work. In this case, the
principal must be confident that the agent will act in the best interest of the principal by
completing the work in the most appropriate manner.
A.2.2.2 Cost-Plus-Fee
In a cost-plus-fee contract, the principal reimburses the agent for the cost of performing
the work, including labor, material and project overhead, plus a lump sum or variable fee that
includes overhead and profit. The cost-plus-fee contract may be based on specified performance
criteria such as a quantity of time. Similar to a cost-plus-percentage contract, the principal, rather
than the agent, must bear all of the financial risk associated with the outcome of the project.
A.2.3 Hybrid
A hybrid contract is a combination of a fixed price (outcome-based) contract and a
reimbursable (behavior-based) contract. A well-known example of a hybrid contract is the
guaranteed maximum price (GMP) contract (Gordon 1994).
A.2.3.1 Guaranteed Maximum Price
In a guaranteed maximum price (GMP) contract, the principal reimburses the agent for
performing the work, including labor, material and project overhead, plus a fee for company
overhead and profit up to an agreed upon maximum price. Once the guaranteed maximum price
is reached, the agent is at risk for performing the work at no additional cost to the owner. If the
work is performed under the guaranteed maximum price, the principal may realize all of the cost
savings. The GMP contract will often incorporate a cost-savings sharing clause that allows both
the owner and the contractor to share in the cost savings, providing an incentive for the
contractor to reduce project costs. This form of contract optimizes risk sharing between the
principal and agent by reducing risk for the principal through a firm guaranteed maximum price
and reducing risk for the agent through the obtainment of adequate financial resources to
accommodate for contingencies.
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B ORGANIZATION AND PROJECT INFORMATION
B.1 Massachusetts Institute of Technology
B.1.1 Owner Description
The Massachusetts Institute of Technology, world-renowned as an institution of higher
learning, was founded in 1861 and admitted its first students four years later in 1865
(http://web.mit.edu/). Today, with a primary purpose in education and research, MIT is an
independent, coeducational, and privately endowed organization divided into five schools that
consist of 21 academic programs. There are many interdepartmental programs, laboratories, and
centers whose work extends beyond traditional departmental boundaries. MIT employs
approximately 8,400 people on campus including a total teaching staff of more than 1,500
individuals. Student enrollment consists of 4,300 undergraduate students and 5,672 graduate
students. The mission of the institute is to advance knowledge and educate students in science,
technology, and other areas of scholarship that will best serve the nation and the world in the 2 1"
century.
The MIT campus is located on 153.8 acres of land that extend over a mile along the
Cambridge side of the Charles River Basin. The institute's central group of interconnecting
buildings was dedicated in 1916 and functions to permit easy communication among
departments and schools. Many other buildings by some of the world's leading architects have
been designed and built since.
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
PRESIDENT
VyICE PRESIDENT FOR FINANCE AND TREASURER EXECUTIVE VICE-PRESIDENT
OFFICE OF BUDGET AND FINANCIAL PLANNING DEPARTMENT OF FACILITIES
Repair & Maintenance Custodial Grud al Design &Construction Utilities = Administrative
Figure B.1 - MIT Organization Chart
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The MIT organization chart, as it relates to capital programming, is illustrated in Figure
B.1. In terms of organizational structure, the Office of Budget and Financial Planning reports to
the Vice President for Finance and Treasurer, which in turn reports to the MIT President. The
fundamental mission of the Budget Office is to support MIT's goal of continued excellence in
education and research by providing senior management with accurate and timely financial
information, projections, and recommendations. The Office is responsible for executing and
operating all capital programs. The MIT Department of Facilities reports to the Executive Vice
President. The Department of Facilities provides the physical environment, utilities and support
services that are necessary to promote the educational and research activities on behalf of the
Institute. The department consists of 600 employees divided between seven major groups
including custodial, grounds, repair and maintenance, mail, design and construction, utilities, and
administrative units.
OPERATIONAL LEADERSHIP TEAM*
IPLEMENTATION TEAM J7SRTEI
TEAM*
C CUSTODIAL OE&N4
GROUNDSTEMSMT LEARNiNG HUMAN FINANCE INFOR-
0 ~ SPACE AND RE- AND STRATEGY
M REPAIR AND MANAGEMENT SOURCES NECGY AND
E MAINTENANCE MACERR A=N-NLG VSN
R
S MAIL UTUUT)ES
*Leaderehip Procetes~
Strateg4c Leadership Team Parttme team (drawn trnt employees toughout FaeBes) that
creates and champions impiementalion of department vision and strategy
(wotktng eloroside the Otrectot).
Operational Leaderuhip Team: Part-time t am comprised ofworkc and edmrotim processes
management that enwres streta rt feasible and implemented, and that
operating plans and budgets are achieved
Massachuat Ilnutte of Technology
Devaiment of Pec~ties
October 1998
Figure B.2 - MIT Department of Facilities Organization Chart (http://web.mit.edu/)
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The MIT Department of Facilities organization chart is illustrated in Figure B.2. Within
the Department of Facilities, the Design and Construction division provides the necessary design,
engineering, estimating, and construction coordination for all new construction and renovation
projects for the Institute. This group also provides interior, architectural, and engineering design
and cost estimating services for all projects. Depending upon the size of the project, these
services may be outsourced or provided by in-house personnel. For larger projects, in-house
personnel consisting of architects, engineers, construction managers, and other trained
professionals, will typically manage the design, engineering, estimating, and construction
process by outside professionals to ensure that the institute's requirements are met. Although
methods and procedures of procurement may vary according to the individual characteristics of a
project, the general guideline that MIT follows is illustrated in Figure B.3.
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Project Phase
Conceptual Design
Construction Documents
Construction Planning
Design & Construction solicits interest from GC/CM firms for pre-
construction services for the facility
Design & Construction selects and contracts with GC/CM firm for pre-
construction services
MIT Executive Committee approves project budget
A/E delivers + 33% comnlete construction documents
I A/E delivers 100% complete construction documents
MIT develops and approves construction site logistics
'- GC/CM establishes detailed CPM schedule
S< MIT Department of Facilities Design & Construction Division turnsPost-Construction completed project over to Operation & Maintenance Division
Figure B.3 - MIT Timeline of Project Milestones
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Milestone
B.1.2 MIT Projects
B.1.2.1 Baker House: Cambridge, Massachusetts
B.1.2.1.1 Project Description
The Baker House, sponsored by MIT Housing, is an existing 50-year old, eight-story,
130,000 S.F. serpentine-shaped building that serves as a 330-bed dormitory at the Massachusetts
Institute of Technology in Cambridge, Massachusetts (http://web.mit.edu/). The building is only
one of two structures designed by Alvar Aalto in the United States and acts as a landmark icon
for the influential Modem Movement in North America. The site is located adjacent to the
Charles River. The building consists of major common areas on the ground floor, including an
entry lobby, main lounge, and a two-story dining pavilion known as the "Moon Garden". The
dining pavilion is clad in limestone, utilizes continuous ribbon windows to view the river, and
employs circular skylights that open up to the sky. The next six floors are dormitory and lounge
spaces that take advantage of a curved floor plan to allow the maximum number of student
rooms to face the river and soften the impact of the traffic along Memorial Drive for its residents.
The seventh floor functions as the roof for the facility. A two-phase renovation of the facility
began in summer 1998 and will be completed in summer 2002 in accordance with an
approximate budget of $29 million for the entire project including construction costs (Personette
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2000). Both past and present users are delighted with the outcome of the project as the Baker
House continues to offer a strong sense of community for all of its residents.
The Institute's decision to restore and upgrade the Baker House arose out of 50 years of
hard use. The major mechanical, electrical and plumbing systems in the building had reached
their useful life, the building no longer met code requirements, and new requirements for
technology became important issues of consideration for the renovation of the building. For the
institution, the renovation was aimed at recommitting itself toward enhancing the MIT
experience and continuing architectural excellence in residential life. For the occupants, the
building would continue to serve student life for the next fifty years by enhancing the student's
social and educational experience. The main objective of the renovation was to remain faithful to
Aalto's design, bring the systems up to current standards, meet code requirements, and
restoration of student furniture in accordance with original-quality construction.
The MIT Department of Facilities, responsible for assembling the project team, selected
Perry Dean Rogers and Partners of Boston, MA as the architect and Kennedy & Rossi, Inc. of
Lexington, MA as the Construction Manager @ Risk. The procurement strategy for the facility
consisted of a CM @ Risk delivery system, a guaranteed maximum price (GMP) contract for the
overall project, and a negotiated award method.
The innovations identified in the project consist of (1) partnering sessions, (2) delivery
method for historic/fast-track construction, (3) prolog project management software, and (4) pre-
fabricated soffits, plumbing risers and sprinklers (Personette 2000; Fixler 2000; Comeau 2000).
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B.1.2.1.2 Project Team Organization Chart
OWNER
MIT
OWNER'S REPRESENTATIVE
MIT Department of Facilities
ARCHITECT
Perry Dean Rogers & Partners
IIIIIIZLIIIZZI
IENGINEERS & CONSULTANTSI I
CM @ RISK
Kennedy& Rossi, Inc.
SUBCONTRACTORS
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B.1.2.1.3 Project Timeline
Constraint Response
< MIT Project Manager requires <- Research is conducted in accordance
Planning & feasibility study. with Aalto design. Project Team
Programming determines that work must be performed
in two separate phases.
< MIT Project Manager requires team <-- MIT Project Manager hires partnering
approach. consultant.
<- MIT Project Manager writes RFP <- Project team selected based on quality
based on quality. of service.
Conceptual
Design
Design
Development
Construction
Documents
Bidding &
Negotiation
Construction <- MIT requires historic, two-phase fast- < GC proposes pre-fabrication, pre-
Planning track construction. cutting and pre-ordering.
< GC requires early commitment of < Subcontractors provide early
labor. commitment.
<= MIT requires partnering session
between Phase I and Phase II.
< Project team explores ways to
improve.
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Project Phase
Construction
B.1.2.1.4 Summary of Innovations
Partnering Sessions
Hiring of a formal partnering consultant to facilitate
teaming and educate members of the project team.
MIT
Historic/Fast-Track Procurement and management of a sensitive renovation
2 Construction to an historic facility conducted over two consecutive MIT
Delivery summers of limited time.
A project management computer database hosted by a
Pro-LogeProjet member of the project team that is used to access, use
3oMnaen and update information regarding CD tracking, meeting
Software
minutes, R.F.I.'s, and subcontractor submittals.
Pre-measure, pre-fabrication and storage of soffits,
4 Pre-Fabrication plumbing risers, sprinklers, and other duplicated items KRI
to save lead-time and installation time.
180
1
Information
No. Innovation Description
Source
B.J.2.2 Sports and Fitness Center: Cambridge, Massachusetts
B.1.2.2.1 Project Description
The MIT Sports and Fitness Center, sponsored by the MIT Athletic Department, is a new
multi-story, 125,000-square-foot athletic and mixed-use complex located on the MIT campus in
Cambridge, Massachusetts (http://web.mit.edu/). The site is located between the existing Johnson
Athletic Center and the existing Student Center. The facility will house an Olympic-sized
swimming pool, a smaller training pool, a 12,000 S.F. fitness center, a medical treatment area,
locker rooms, laundry facilities, a multi-purpose room, international sized squash courts, and
administrative offices. The pool will have 17 lanes, each 25 yards long, and one moveable
bulkhead that will allow the pool's length and to be changed to suit various needs. The facility
will also provide seating for 450 spectators. Construction will began in October 2000 and is
scheduled for completion in June 2002 in accordance with an approximate budget of $43 million
(Hawes 2000).
With 10,000 students and 8,000 faculty and staff sharing an existing 2,000 S.F. fitness
center built in the 1940's, MIT is in need of a new athletic facility. The purpose of the new
facility will be to bring MIT to a new standard in athletics and serve the needs of the student
body and the community. For the institution, the Sports and Fitness Center will create a
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centralized and consolidated facility and tie the surrounding facilities together into a hub for the
campus. For the student population, the facility will provide for out-of-the-classroom experience,
enhance quality of life, and support the life and good health of the community for years. The
main objective for the facility is to integrate the state-of-the-art systems in the facility with the
human environment that the institute wishes to achieve. The characteristics of the Sports and
Fitness Center will include high-performance, energy-efficient mechanical and air handling
systems, fresh air and exhaust systems, humidity control, and natural lighting and ventilation in
an auditorium setting.
The MIT Department of Facilities, responsible for assembling the project team, selected
Roche & Dinkeloo as the design architect, Sasaki & Associates of Watertown, MA as the
production architect, and Turner Construction of Boston, Massachusetts as the Construction
Manager @ Risk. The procurement strategy for the facility consisted of a CM @ Risk delivery
system, a guaranteed maximum price (GMP) contract for the overall project, and a negotiated
award method.
The innovations identified in the project consist of (1) green building systems consisting
of a high-performance mechanical system and pool heat recovery system, (2) movable
bulkheads, (3) an integrated structural system, (4) a card-access security system, (5) a project
based web site, (6) a CM @ Risk delivery method, (7) an EPDM roofing system, (8) high-impact
abuse-resistant drywall, and (9) a fretted glass system (Hawes 2000; Garcia 2000; Yarmarkovich
2000; Madrid 2000).
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B.l.2.2.2 Project Team Organization Chart
OWNER
MIT
OWNER'S REPRESENTATIVE
MIT Department of Facilities
DESIGN ARCHITECT
Roche & Dinkeloo
PRODUCTION ARCHITECT
Sasaki & Associates
|ENGINEERS & CONSULTANTS MEP ENGINEERSCosentini & Associates
CM @ RISK
Turner Construction
I SUBCONTRACTORS
B.1.2.2.3 Project Timeline
Project Phase Constraint
Planning &
Programming
Conceptual e MIT requires high-performance/ green < A/E proposes pool heat recovery
Design building mechanical system design. system, fretted glass enclosure system.
Design < MIT requires tighter control over e A/E & GC perform value engineering.
Development budget.
Bidding &
Negotiation
Construction
Planning
Construction
Post-
Construction
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Response
B.1.2.2.4 Summary of Innovations
Information
No. Innovation Description
Source
High-performance
Mechanical System /
Pool-Heat Recovery
System
Mechanical system design governed by pool
requirements for heat exchange and humidity, energy
conservation, and fresh air intake and exhaust.
MIT
Moveable bulkhead that provides flexibility in
2 Movable Bulkheads configuration and allows the length of the pool to be MIT
changed according to various needs.
Integrated Structural Integration of cast-in-place concrete used for strong
3 resistance to lateral loads with structural steel framing MIT
used for long-span capacity.
4 Card-Access Security system that controls the entry of people into the MIT
Security System facility by means of card access.
A common project management computer database used
Project-Based Web
5Site by project team members to access, use and update MIT
information regarding a project.
Utilization of a construction manager during the design
6 CM @ Risk phase to obtain constructibility information prior to Sasaki
construction.
Environmental-friendly roofing system in which a
7 EPDM Roofing substrate is mechanically fastened, vapor barrier is Turner
glued, and final roofing system is glued.
8 High-Impact High-impact drywall that incorporates a layer of plastic Turner
Drywall to provide resistance to abuse and surface durability.
Fretted, Low- Thermally efficient, non-reflective glass unique to
9 Emissive Glass athletic facility applications that offers transparency and MIT
System energy-efficient transference.
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B.1.2.3 Undergraduate Residence: Cambridge, Massachusetts
r1 1'_=r __
B.1.2.3.1 Project Description
The MIT Undergraduate Residence, sponsored by the MIT Residential System, is a new
ten-story, 180,000-square-foot residential and mixed-use complex located on the MIT campus in
Cambridge, Massachusetts (http://web.mit.edu/). The site is located across Briggs Field adjacent
to the Westgate married student housing facility and historic Washington Park. The facility will
house 350 students and 15 adult families in accordance with 9 categories of dormitory space and
will provide activity, dining and multi-purpose spaces throughout the building. Construction is
anticipated to begin in Fall 2000 and is scheduled for completion in Summer 2002 in accordance
with an approximate budget of $40 million, pending permitting issues that have delayed the
project substantially (Poodry 2000).
Based on a shortage of housing and a presidential commitment to house 100% of the
institute's freshmen, MIT is in need of a new dormitory. The purpose of the new facility will be
to reflect and support MIT's mission and create a distinctive atmosphere where students, faculty,
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staff, and visitors can participate in the betterment of personal lives within the MIT community.
For the institution, the Undergraduate Dormitory will sustain MIT's mission of supporting
student education by developing a high quality facility, promoting student and faculty
interaction, fostering student independence, and providing exposure to diverse cultural ideas and
perspectives. For the occupants of the building, a major objective for the facility is to lessen the
divisions among the MIT community by bringing faculty and students together through
interaction. The characteristics of the Undergraduate Dormitory project include a fast
construction schedule, signature architect design, green building initiatives, high expectations for
social performance, a diverse design program, high-quality systems, materials, components and
finishes, and the desire to break ground architecturally, mechanically, and structurally.
The MIT Department of Facilities, responsible for assembling the project team, selected
Steven Holl Architects of New York, NY as the design architect, Perry Dean Rogers and
Partners of Boston, MA as the representative architect, and Daniel O'Connell & Sons of
Massachusetts as the Construction Manager @ Risk. The procurement strategy for the facility
consisted of a CM @ Risk delivery system, a guaranteed maximum price (GMP) contract for the
overall project, and a negotiated award method.
The innovations identified in the project consist of (1) green building systems consisting of a
puff mechanical system, (2) pre-cast structural system with integrated facade, (3) innovative
facility layout, (4) CM @ Risk delivery system, and (5) the establishment of the Founders Group
to act as the project client during the design and construction of the residence (Poodry 2000;
Bade 2000; Harwood 2000).
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B.1.2.3.2 Project Team Organization Chart
OWNER
MIT
OWNER'S REPRESENTATIVE
MIT Department of Facilities
DESIGN ARCHITECT
Steven Holl Architects
REPRESENTATIVE ARCHITECT
Perry Dean Rogers & Partners
CM @ RISK
Daniel O'Connell & Sons, Inc.
ENGINEERS & CONSULTANTS SUBCONTRACTORS
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B.1.2.3.3 Project Timeline
Project Phase Constraint Response
< MIT President launches the < MIT decides to build Residence 2001.
Planning & Presidential Task Force on Student Life
Programming and Learning requiring housing of 100%
of freshmen.
<- MIT requires signature architect. e MIT selects Steven Holl Architects as
design architect.
Conceptual <- MIT requires high quality & < A/E proposes puff system, integrated
Design green/sustainable design. structural system.
Design < Local community opposes project <- Project is delayed.
Development during public approval process.
Costrutio
Documents
Bidding &
Negotiation
Construction
Planning
Construction
Post-
Construction
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B.1.2.3.4 Summary of Innovations
Information
No. Innovation Description
Source
Puff Mechanical
System
A mixed-mode, low-grade A/C system that uses natural
ventilation and de-humidification in accordance with a
strategy for green building design.
MIT
Interatd Faade A deep, open, pre-cast concrete frame with metal
Intrtalade cladding that allows the fagade to act structurally and
2 and Structural MIT
System integrates 5-6 independent structure 
and enclosure
systems into one integrated system.
Facility design that accommodates multiple users by
providing the flexibility of nine room configurations,
3 Facility Layout encourages social interaction by offering physical MIT
connections across floors, and strategically balances a
welcoming ambience with security and privacy.
Utilization of a construction manager during the design O'Connell
4 CM @ Risk process to obtain constructibility information prior to
Holl
construction.
The institute's establishment of the Founders Group,
made up of undergraduate students, faculty, and staff,
5 Founders Group that acts as the project client during design and MIT
construction, and develops the programs, organization
and governance structure for the new residence.
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B.1.2.4 Ray and Maria Stata Center: Cambridge, Massachusetts
B.1.2.4.1 Project Description
The Ray and Maria Stata Center for Computer Information and Intelligence Sciences,
sponsored by the MIT Department of Electrical Engineering and Computer Science, is a new
120' high multi-story, 430,000-square-foot R&D complex located on the MIT campus in
Cambridge, Massachusetts (http://web.mit.edu/). The site is located on Vassar Street where
Building 20 once stood and is adjacent to Building 36. The facility will house the Laboratory for
Computer Science, the Artificial Intelligence Laboratory, the Laboratory for Information and
Decision Systems, the Department of Linguistics and Philosophy, the Department of Brain and
Cognitive Sciences, and the Department of Electrical Engineering and Computer Science.
Program within the facility includes a sculptural, sky lit corridor called the student street, five
major classrooms, a food facility, a day care center for 80 children, athletic space adjoining
Alumni Pool, a subterranean material handling center, a service facility, and a 700 car parking
garage. Construction began in April 2000 and is scheduled for completion in 2003 in accordance
with an approximate budget of $139 million, including the parking garage (Joyce 2000).
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The purpose of the facility is to physically integrate the computer science faculty back
into the Department of Electrical Engineering and Computer Science. In terms of strategy for the
institution, the complex will serve to facilitate learning, research and interaction within the
Department and across disciplinary boundaries, and is envisioned as a model for innovative,
technologically supported education, an incubator for new ideas and technology and a hub of
student activity. The facility aims to provide exciting spaces for researchers and lively common
areas for the entire MIT community through the creation of an environment that promotes
collaboration and frequent social and intellectual interactions. The major objective for the facility
is to facilitate innovation through the design of an innovative structure that demonstrates
architecturally the intellectual stature of the Department of Electrical Engineering and Computer
Science. The characteristics of the Stata Center will include a signature-architect design, curved
structural members, high expectations for natural light and ventilation, and state-of-the-art
systems derived out of the need for user flexibility.
The MIT Department of Facilities, responsible for assembling the project team, selected
Frank 0. Gehry and Associates of Los Angeles, California as the designer and Beacon-Skanska
Construction Company of Boston, Massachusetts as the Construction Manager @ Risk. The
procurement strategy for the facility consisted of a CM @ Risk delivery system, a 3-phase
guaranteed maximum price (GMP) contract for the overall project, and a negotiated award
method for the CM fee with a competitive bid method for the subcontracts.
The innovations identified in the project consist of (1) a raised-floor mechanical system
made up of (a) raised floor components, (b) HVAC system and diffusers, and (c) power/data
boxes, (2) a project based web site, (3) Catia design software, (4) an OCIP insurance package,
(5) modular furniture, and (6) lighting system (Joyce 2000; Salette 2000; Hewins 2000).
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B.1.2.4.2 Project Team Organization Chart
OWNER
MIT
OWNER'S REPRESENTATIVE
MIT Department of Facilities
DESIGN ARCHITECT REPRESENTATIVE ARCHITECT CM @
Frank 0. Gehry & Associates Cannon & Associates Beacon-
ENGINEERS & CONSULTANTS SUBCONT
RISK
Skanska
RACTORS
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B. 1.2.4.3 Project Timeline
Constraint Response
Planning & < MIT requires signature architect. < MIT selects Frank 0. Gehry &
Programming Associates as design architect.
C p FOGA requires integrated team <-- MIT selects CM @ Risk delivery forConceptual approach with utilization of Catia. early GC, Subcontractor, and Supplier
Design involvement.
Design < MIT establishes budget requirements. < Project team conducts an intense
Development value engineering process to bring
project into budget.
Constnction
Doctments
Bidding & <- MIT addresses tight market < MIT negotiates selected contracts,
Negotiation conditions and unusual building establishes a GMP on others, and phases
components that increase risk on the the trades to enter the market at the
project. proper time.
Construction <- MIT addresses concerns regarding < Project team develops construction
Planning adjacent neighbors in the urban mitigation measures.
environment.
Construction
< MIT addresses concerns regarding
complexity of systems and geometry of
building.
<- Project team develops a
comprehensive maintenance and
operation plan.
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Project Phase
Post-
Construction
B.1.2.4.4 Summary of Innovations
Information
No. Innovation Description
Source
Raised-Floor
Mechanical System
Raised plenum floor system that allows the distribution
of 100% outside air without the need for mechanical
ducts.
MIT
lb Individual Climate Diffusers located within the raised floor system that MIT
Control Diffusers regulate the amount of air distributed to the workstation.
1c Power/Data Boxes Boxes located within the raised floor system that MIT
integrates power/data whips distributed under the floor.
A common project management computer database used
2 Project-Based Web2Site by project team members to access, use and update MIT
information regarding a project.
Aerospace software used to digitize and create a three-
3 Catia dimensional computer model of a facility, achieve MIT
details, determine irregular surface quantities, and
download points for construction layout.
Owner Controlled
Wrap-up insurance for design and construction that is4 Insurance Program MIT
obtained through one carrier.
(OCIP)
Research, design, and mock-up of a "kit of parts" for
5 Modular Furniture utilizing modular furniture instead of buying standard Gehry
furniture.
Development of custom lighting using traditional
6 Lighting System technology and high-quality, energy-efficient, smaller Gehry
lamps.
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B. 1.2.5 Media Lab Expansion: Cambridge, Massachusetts
B.1.2.5.1 Project Description
The Okawa Center for Future Children, referred to as the MIT Media Laboratory
Expansion, is a six-story, 190,000-square-foot institutional learning complex located on the MIT
campus in Cambridge, Massachusetts (http://web.mit.edu/). The site is positioned adjacent and
connected to the existing Media Lab facility. The facility will accommodate eight named
laboratories in three distinct areas of research: atoms, bits, and people. Construction will began
in the fall of 2001 and is scheduled for completion in the spring of 2004 in accordance with an
approximate budget of $100 million (Personette 2000).
The purpose of the new facility will be to build on the Media Lab's long tradition of
developing new ideas and innovative technologies to support children's learning. The facility is
viewed as an opportunity to lay the foundation for becoming a global leader in the study of
technology and children. For the occupants of the facility, the Media Lab Expansion will foster
research and learning to transform the way children live, learn and play in the digital age toward
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improving the lives of children around the world. The facility will be founded upon the theory
that new digital technology will provide fundamental changes to the way children learn and are
educated. The main objective for the facility is to provide flexible, state-of-the-art systems,
Japanese-quality construction, transparency and natural lighting, and spatial complexity derived
out of the needs of the user. The design of the facility will incorporate a complex geometry of
six-story atrium spaces and interlocking, double-height laboratory spaces.
The co-founder and director of the Media Lab and the Dean of the MIT School of
Architecture were influential in the selection of the Tokyo-based architecture firm of Maki and
Associates as the design architect. After the MIT Department of Facilities conducted a pre-
qualification process with five firms, Maki and Associates in turn selected Leers Weinzapfel &
Associates of Boston, MA as the representative architect. The MIT Department of Facilities,
responsible for assembling the remainder of the project team, also selected Macomber
Construction of Boston, Massachusetts as the Construction Manager @ Risk. The procurement
strategy for the facility consisted of a CM @ Risk delivery system, a guaranteed maximum price
(GMP) contract for the overall project, and a negotiated award method.
The innovations identified in the project consist of (1) a long-span structural system, (2) a project
based web site, (3) Japanese-quality construction, (4) green design, (5) 2-hour fire-rated glazing,
(6) innovative facility design layout, and (7) an up-up method of construction (Personette 2000;
Minor 2000; Loud 2000).
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B.1.2.5.2 Project Team Organization Chart
OWNER
MIT
OWNER'S REPRESENTATIVE
MIT Department of Facilities
REPRESENTATIVE ARCHITECT
Leers Weinzapfel & Associates
I
ENGINEERS & CONSULTANTS DESIGN ARCHITECT
Maki & Associates
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CM @ RISK
Macomber Construction
E SUBCONTRACTOR S
B.1.2.5.3 Project Timeline
Project Phase Constraint Response
Planning & <- MIT selects Maki & Associates as < Maki & Associates requires early
Programming design architect subcontractor involvement. MIT Project
Manager requires partnering consultant
& project-based web site.
Conceptual < MIT requires building to be as < A/E proposes long-span structure.
Design transparent as possible. Spatial Project team performs value engineering.
complexity evolves out of user needs.
<- MIT Vicki Sirianni and Jamie Lewis e MIT hires green design consultant for
Design Keith propose Green Design. Because feasibility studies.
Development the proposal was introduced late, it was a
recommendation, rather than a
requirement, to be "as green as
possible."
Bidding &
Negotiation
Construction
Planning
Construction
Post-
Construction
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B.1.2.5.4 Summary of Innovations
Long-Span
Structural System
Information
No. Innovation Description Suc
Utilization of deeper structural steel members with a 40'
span, rather than a more efficient span of 30', to
accommodate user needs, create open spaces, and
respond to zoning requirements for floor cutouts.
MIT
A common project management computer database used
Project-Based Web
2Site by project team members to access, use and update MIT
information regarding a project.
Team acquisition process whereby U.S. subcontractors
3 Japanese-Quality are selected and acquired during schematic design and MIT
Construction design development to mimic the team collaboration and
quality of construction that is achieved in Japan.
The utilization of natural lighting and contemplation of
4 Green Design exterior cladding with photovoltaics in response to the MIT
MIT Task Force for guidelines for green design.
2-hour fire-rated glass separation used in public
5 2-Hour Fire-Rated adjacencies and research laboratories to provide fire LWA
Glazing protection without sacrificing transparency or visibility
between the interior and exterior of the facility.
Transformation from an existing confined facility to a
spatially complex facility consisting of a 6-story atrium,6 Facility Layout MIT
double-height laboratories, interlocking and transparent
spaces, and flexibility to address the needs of the user.
Construction technique in which the basement floor and
the ground floor are first constructed, allowing Macomber
7 Up-Up Construction Mcme
construction to proceed up through the basement and up
through the ground floor simultaneously.
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B.2 United States Naval Academy
B.2.1 Owner Description
B.2.1.1 The U.S. Navy
The United States Navy was founded on October 13, 1775 and the Department of the
Navy was established on April 30, 1798 (http://www.navy.mil/). The Department of the Navy is
organized into 3 principal components: the Navy Department consisting of executive offices, the
Operating Forces including the U.S. Navy and the U.S. Marine Corps, and the Shore
Establishment. The Secretary of the Navy is responsible for and has the authority under Title 10
of the United States Code to conduct all affairs of the Department of the Navy. The mission of
the Navy is "to maintain, train, and equip combat-ready naval forces capable of winning wars,
deterring aggression and maintaining freedom of the seas" (http://www.navy.mil/).
B.2.1.2 The U.S. Naval Academy
The United States Naval Academy, a four-year undergraduate college that prepares
young men and women to become professional officers in the U.S. Navy and Marine Corps, was
founded in 1845 (http://www.usna.navy.mil/). Today, with a primary purpose in excellence and
education not only in the classroom, but also outside the classroom, USNA is a coeducational,
governmentally endowed, not-for-profit organization. The academy is divided into eighteen
subject areas including eight in engineering, six in science, mathematics, and computer science,
and four in the humanities and social science. There are many professional, athletic, and
extracurricular programs in addition to a core curriculum of academic and professional courses.
USNA employs several thousand people on campus including a total faculty of 571 individuals
and student enrolment consists of 4,000 undergraduate students. The mission of the service
academy is "to develop midshipmen morally, mentally, and physically and to imbue them with
the highest ideals of duty, honor, and loyalty in order to provide graduates who are dedicated to a
career of naval service and have potential for future development in mind and character to
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assume the highest responsibilities of command, citizenship, and government"
(http://www.usna.navy.mil/).
The USNA campus is located on 338 acres of land between the south bank of the Severn
River and historic downtown Annapolis, which is the state capital of Maryland. Annapolis is 33
miles east of Washington, D.C. and 30 miles southeast of Baltimore. The campus is referred to as
The Yard and features tree-lined brick walls, French Renaissance and contemporary architecture,
and scenic views of Chesapeake Bay. Several 90-year old buildings, including the Bancroft Hall
Dormitory Complex, make the Academy a National Historic Site.
SECRETARY OF THE NAVY
CHIEF OF NAVAL OPERATIONS
NAVAL SHORE ESTABLISHMENT
NAVAL FACILITIES ENGINEERING COMMAND
(NAVFAC)
Washington, D.C.
ENGINEERING FIELD ACTIVITY
CHESAPEAKE
PERATING FORCES
UNITED STATES NAVAL ACADEMY
PUBLIC WORKS DEPARTMENT
RENOVATION PROGRAM MANAGEMENT OFFICE
Figure B.4 - USNA Organization Chart
The USNA organization chart, as it relates to capital programming, is illustrated in Figure
B.4. In terms of organizational structure, the United States Naval Academy is chartered under the
Secretary of the Navy. The Public Works Department at the USNA provides a "safe,
comfortable, fully-functional living and working environment for the United Sates Naval
Academy" (http://www.usna.edu/PublicWorks/). The department is responsible for facilities
maintenance, acquisition, transportation, utilities, family housing, engineering, environmental,
and life-cycle management services. Under the direction of the Public Works Department, the
Renovation Program Management Office was established to manage large renovation projects,
oversee broad aspects of the entire project by establishing funding requirements and allocating
resources, coordinate design and construction efforts, and provide interim space locations for
functions temporarily displaced by the renovation process. The responsibilities of the office
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extend throughout the life cycle of the project from initial renovation conception through
construction completion.
A major undertaking performed by the Renovation Program Management Office was the
development of the Academic Facilities Master Plan in 1992 as a strategy for the renovation and
upgrading of the Academic Facilities at the USNA. In order to meet the existing and future needs
for academic facilities at the Academy, eleven Academic Facilities were to be renovated under
the plan, including Bancroft, Sampson, and Mahan Halls. The Renovation Program Management
Office administers the ongoing renovation efforts with a small team of architects, engineers, and
planners, and depends on the aid and support of other departments throughout the USNA as well
as outside organizations under the authority of the U.S. Navy.
B.2.1.3 Naval Facilities Engineering Command
The Naval Facilities Engineering Command (NAVFAC), headquartered in Washington
D.C., manages the planning, design and construction of facilities for U.S. Navy activities around
the world (http://www.efaches.navfac.navy.mil/). Tasks are accomplished by the command's
field components including four Engineering Field Divisions and six Engineering Field
Activities located across the United States. Each component provides engineering support and
services to several hundred activities of the naval shore establishment.
The contracting authority for the USNA is the Engineering Field Activity (EFA)
Chesapeake located in the historic Washington Navy Yard in Washington D.C. As part of the
Atlantic Division, EFA Chesapeake serves both Navy and Marine Corps clients and other federal
agencies. EFA Chesapeake employs 332 civilians and 34 military personnel to conduct services
in planning, real estate, engineering and design, facilities construction engineering,
environmental program management, contract services, and legal services.
Under the power of NAVFAC and through EFA Chesapeake, The Resident Officer in
Charge of Construction (ROICC) holds the authority and responsibility to oversee and execute
all aspects of construction at the USNA. ROICC administers contracts for construction, performs
design reviews, assists with the A/E and contractor selection process, and provides customer
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interface for the construction process. Only the ROICC office can designate government funds to
procure various facilities services on behalf of its customers.
If the size of the project exceeds the USNA's in-house work force capabilities, the USNA
will request the ROICC office to solicit interest of A/E firms, evaluate contractor qualifications,
award the contracts, process payment invoices, issue contract modifications, and close out the
contracts. For Large Military Construction (MILCON) projects, construction contracts are
developed, designed, and awarded by EFA Chesapeake and turned over to the ROICC office to
perform contract administration. Although methods and procedures of procurement may vary
according to the individual characteristics of the project, the general guideline followed by the
USNA in the context of the investigated case studies is illustrated in Figure B.5.
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Project Phase
Conceptual Design I A/E delivers ± 33% complete construction 
documents
Construction Documents I- A/E delivers 100% complete construction documents
i P n EFA Chesapeake turns project over to the Resident Officer in ChargeConstruction Planning of Construction (ROICC) for on-site construction management
= ROICC turns completed project over to USNA PWD Maintenance
Post-Construction Division
Figure B.5 - USNA Timeline of Project Milestones
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B.2.2 USNA Projects
B.2.2.1 Sampson and Mahan Halls: Annapolis, Maryland
B.2.2.1.1 Project Description
Sampson and Mahan Halls, sponsored by the United States Naval Academy, is an
existing historic, five-story, 132,000 S.F. facility located on the USNA campus in Annapolis,
Maryland (Smith 2000). The 3-building academic complex was originally constructed in 1910
and consists of library, ceremonial, and gathering space in Mahan Hall and classroom and office
space in the two flanking wings of Sampson Hall. Construction began in June 1999 and was
completed in July 2000 in accordance with an approximate budget of $15-20 million.
The Naval Academy's decision to restore and upgrade Sampson and Mahan Halls arose
out of spotty repairs conducted over the 100-year life of the building. The major mechanical,
electrical and plumbing systems in the building had deteriorated, the building no longer complied
with code requirements, and new requirements for technology were the driving forces behind the
renovation of the building. The main objective of the renovation was to restore and preserve the
facility in a holistic approach by making no sacrifices in the project. The project was governed
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by a tight construction schedule of 13 months in accordance with the USNA Master Plan that
dictated the renovation of one building per academic year.
The USNA Renovation Program Management Office in conjunction with EFA
Chesapeake assembled the project team by selecting Goody Clancy and Associates of Boston,
MA as the architect and awarding the construction contract to Whiting-Turner Contracting
Company of Baltimore, MD as the General Contractor. The procurement strategy for the facility
consisted of a general contractor/design-bid-build delivery system, a fixed price lump sum
contract for the entire project, and a best-value award method based on qualifications and price.
The innovations identified in the project consist of (1) a project based web site and (2)
systems hub design for the facility (Smith 2000; Holland 2000).
B.2.2.1.2 Project Team Organization Chart
OWNER
U.S. Navy
CLIENT
United States Naval Academy
NAVFAC
Naval Facilities Engineering Command
CLIENT'S REPRESENTATIVE EFA CH
USNA Public Works Department Design & Con
R i PROICC
Renovation Program Management Office Resident Officer in Charge of Construction
ARCHITECT
Goody Clancy & Associates
jENGINEERS & CONSULTANTS
ESAPEAKE
struction Contract
I
1
GENERAL CONTRACTOR
Whiting Turner Contracting Company
SUBCONTRACTORS
206
B.2.2.1.3 Project Timeline
Project Phase Constraint Response
Planning & <- USNA establishes construction < Construction is completed in specified
schedule requirements stating that delays 1-year timeframe.
Programming are unacceptable.
Conceptual
Design
Design
Development
Construction < Goody Clancy & Associates proposes < Web site fails to be utilized by project
Documents project-based web site. team members due to lack of consensus.
Bidding &
Negotiation
Construction
Planning
Construction
Cornstrtktion
B.2.2.1.4 Summary of Innovations
Projct-asedWeb A common project management computer database used
I .it by project team members to access, use and update USNA
information regarding a project.
Consolidation of mechanical systems at one central
location and strategic placement of elevators to maintain
2 Systems Hub Design USNA
program space at the flanking buildings and preserve the
historic character of the center building.
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B.2.2.2 Bancroft Hall: Annapolis, Maryland
B.2.2.2.1 Project Description
Bancroft Hall, sponsored by the United States Naval Academy, is an existing historic,
five-story 1,400,000 S.F. complex located on the USNA campus in Annapolis, Maryland (Smith
2000). The academic facility was originally constructed in 1904 and consists of 2,000 dormitory
rooms, a galley, barbershop, bookstore, pistol range, medical facility, uniform shop, bank, post
office, tailor shop, shoe repair shop, dental office, retail store, laundry/dry cleaner, movie theater,
weight rooms, locker rooms, offices, wardrooms, meeting rooms and a grand piano. Construction
began in June 1994 and is expected to be completed in August 2003 in accordance with an
approximate budget of $250 million and a 10-phase construction schedule. The renovation
project is currently in Phase VII.
With the last renovation of Bancroft Hall performed in the 1960's, the major building
systems in the facility had exceeded their life expectancy of 30 years by several years.
Consequently, the Naval Academy's decision to restore and upgrade Bancroft Hall arose out of
the need to replace existing systems, windows, furnishings, and interior finishes. Due to changes
in technology, all computer, data, power, and telecommunications systems needed to be
upgraded to capacity for current use in addition to bringing life safety, fire, and ADA
requirements into code compliance. The extensive scope of work consists of structural repairs to
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concrete slabs, replacement of the mechanical and electrical systems, including replacement of
nearly all the hot water, cold water and steam piping and replacement and reconfiguration of
nearly all the ductwork and electric service, replacement of all aluminum single pane windows in
each wing with new energy efficient windows that replicate the original appearance of the
building, new interior finishes, removal of all asbestos and lead containing material, replacement
of old dorm room metal bunks and desks with contemporary wood millwork cabinetry and bunk
units, the addition of a complete women's head to each deck, a complete sprinkler system, and
installation of single pipe fan coil heating/cooling units in each room. The project is governed by
a tight schedule consisting of ten 14-month phases of construction in accordance with the USNA
Master Plan that dictates the renovation of one building wing per academic year.
The USNA Renovation Program Management Office in conjunction with EFA
Chesapeake assembled the project team by selecting RTKL Associates, Inc. of Baltimore, MD as
the architect and awarding the construction contract to Whiting-Turner Contracting Company of
Baltimore, MD as the general contractor. Although the project has been solicited and awarded
separately for each phase of construction, Whiting-Turner has been selected as the general
contractor for all seven phases of construction performed to date. The procurement strategy for
the facility consists of a general contractor/design-bid-build delivery system, a fixed price lump
sum contract for each phase of the project, and a best-value award method based on
qualifications and price.
The innovations identified in the project include (1) the USNA Renovation Program, (2)
the dining hall renovation, (3) dormitory furniture, (4) fiber-optic and voice system, and (5)
AutoCAD database (Smith 2000; Thompson 2000).
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B.2.2.2.2 Project Team Organization Chart
OWNER
U.S. Navy
CLIENT
United States Naval Academy
CLIENT'S REPRESENTATIVE
USNA Public Works Department
Renovation Program Management Office
NAVFAC
Naval Facilities Engineering Command
EFA CHESAPEAKE
Design & Construction Contract
ROICC
Resident Officer in Charge of Construction
ARCHITECT
RTKL Associates, Inc.
IENGINEERS & CONSULTANTS I
GENERAL CONTRACTOR
Whiting Turner Contracting Company
SUBCONTRACTORS
B.2.2.2.3 Project Timeline
Constraint Response
Planning & <= USNA establishes phasing & <- Construction of each phase is
Programming construction schedule requirements. completed in specified 1-year timeframe.
Conceptual
Design
Design
Development
Construction
Documents
Bidding &
Negotiation
Construction
Planning
CnructiON
Post-
Construction
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B.2.2.2.4 Summary of Innovations
Information
No. Innovation Description
F 1Source
USNA Renovation
Program
Establishment of the Renovation Program Management
Office with the Public Works Department that is given
the authority to renovate facilities in their totality.
USNA
Dining Hall Redesign of the dining hall to remove 
1950's ductwork
2 and reinsert skylights to recreate a ceremonial space RTKL
Renovation
with historic vistas.
Modular built-in furniture that is manufactured with
3 Dormitory Furniture wood veneer from trash tree in Africa to simulate oak RTKL
and provide affordable spatial flexibility.
Fiber-Optic and Design and installation of concealed 
fiber-optic and
4 voice systems to individual desktops in a manner that RTKL
Voice System
preserves the historic nature of the interior space.
Facilities management database that organizes and
5 AutoCAD Database dictates AutoCAD layers, symbols, blocks, and naming RTKL
conventions to provide one consistent, seamless
database across all USNA facilities.
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B.3 Naval Undersea Warfare Center (NUWC)
B.3.1 Owner Description
B.3.1.1 The U.S. Navy
The United States Navy was founded on October 13, 1775 and the Department of the
Navy was established on April 30, 1798 (http://www.navy.mil/). The Department of the Navy is
organized into 3 principal components: the Navy Department consisting of executive offices, the
Operating Forces including the U.S. Navy and the U.S. Marine Corps, and the Shore
Establishment including the Naval Sea Systems Command. The Secretary of the Navy is
responsible for and has the authority under Title 10 of the United States Code to conduct all
affairs of the Department of the Navy. The mission of the Navy is "to maintain, train, and equip
combat-ready naval forces capable of winning wars, deterring aggression and maintaining
freedom of the seas" (http://www.navy.mil/).
B.3.1.2 Naval Sea Systems Command (NAVSEA)
The Naval Sea Systems Command (NAVSEA) is the largest of the Navy's five systems
commands and is responsible for engineering, building and supporting America's Fleet of ships
and combat systems (http://www.navsea.navy.mil/). Accounting for nearly one-fifth of the
Navy's budget, or approximately $20 billion, NAVSEA manages 135 acquisition programs. The
52,000 NAVSEA team members serve the Fleet in four shipyards, the undersea and surface
warfare centers, major shipbuilding locations, and the headquarters. NAVSEA's world-class
team of professionals provides virtual support to ensure that the Fleet remains ready, capable,
and operating around the globe. Its mission is to "develop, acquire, modernize, and maintain
affordable ships, ordnance, and systems that are operationally superior so Sailors and Marines
can protect and defend national interests and, if necessary, fight and win"
(http://www.navsea.navy.mil/).
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B.3.1.3 NUWC
The Naval Undersea Warfare Center (NUWC), the Navy's full-spectrum research,
development, test and evaluation, engineering and fleet support center for submarines,
autonomous underwater systems, and offensive and defensive weapons systems associated with
undersea warfare, was chartered on January 2, 1992 under the command of NAVSEA
(http://www.nuwc.navy.mil/). Today, with a primary purpose in being the nation's provider of
choice for undersea superiority, NUWC is a governmentally endowed, not-for-profit
organization. NUWC is headquartered in Rhode Island, and has two major subordinate activities:
Division Newport, also in Rhode Island and Division Keyport in the state of Washington.
NUWC employs less than 4,700 civilian and military personnel. The mission of the organization
is to "provide the technical foundation which enables the conceptualization, research,
development, fielding, modernization, in-service engineering, and maintenance of systems that
ensure the Navy's undersea superiority" (http://www.nuwc.navy.mil/).
The NUWC campuses consist of two main sites in Newport and Keyport as well as
several detachments spread geographically throughout the United States. Command
responsibilities include over 3,000 acres of Government owned and leased property and over 6
million square feet of building space with a current plant value of approximately $900 million.
213
SECRETARY OF THE NAVY
CHIEF OF NAVAL OPERATIONS
NAVAL SHORE ESTABLISHMENT OPERATING FORCES
NAVAL FACILITIES ENGINEERING COMMAND NAVAL SEA SYSTEMS COMMAND
(NAVFAC) (NAVSEA)
Washington, D.C.
ENGINEERING FIELD DIVISION NAVAL UNDERSEA WARFARE CENTER
NORTH (NUWC)
Lester, PA Rhode Island
DIVISION NEWPORT DIVISION KEYPORT
Rhode Island Washington
PUBLIC WORKS DEPARTMENT FACILITIES PROGRAM MANAGER
Figure B.6 - NUWC Organization Chart
The NUWC organization chart, as it relates to capital programming, is illustrated in
Figure B.6. In terms of organizational structure, the Naval Undersea Warfare Center is chartered
under the Naval Systems Command. The NUWC facilities program manager is instrumental in
obtaining funding from Congress, working with the users to define the needs of the facility,
providing input into the team selection process, collaborating with consultants to ensure that
written requirements are converted into appropriate drawings and specifications, and observing
construction to ensure the facility is built in accordance with the construction contract. The
Public Works Department is responsible for facilities maintenance in which some services are
performed in-house and some are outsourced.
B.3.1.4 Naval Facilities Engineering Command
The Naval Facilities Engineering Command (NAVFAC), headquartered in Washington
D.C., manages the planning, design and construction of facilities for U.S. Navy activities around
the world (http://www.efdnorth.navfac.navy.mil/). Tasks are accomplished by the command's
field components including four Engineering Field Divisions and six Engineering Field
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Activities located across the United States. Each component provides engineering support and
services to several hundred activities of the naval shore establishment.
The contracting authority for NUWC is the Engineering Field Division (EFD) North
located in Lester, Pennsylvania. As part of the Atlantic Division, EFD North serves clients in the
10 states from Delaware to Maine. EFD North employs 421 civilians and 31 military personnel
including engineers, architects, contract specialists, and specialists in real estate, family housing
and the environment to perform services on behalf of the organization.
Under the power of NAVFAC and through EFD North, the Resident Officer in Charge
of Construction (ROICC) holds the authority and responsibility to oversee and execute all
aspects of construction at the NUWC campus. ROICC administers contracts for construction,
performs design reviews, assists with the A/E and contractor selection process, and provides
customer interface for the construction process. Only the ROICC office can designate
government funds to procure various facilities services on behalf of its customers.
If the size of the project exceeds the NUWC's in-house capabilities, NUWC will request
the ROICC office to solicit interest of A/E firms, evaluate contractor qualifications, award the
contracts, process payment invoices, issue contract modifications, and close out the contracts.
For Large Military Construction (MILCON) projects, as in the circumstances of the four case
study projects, construction contracts are developed, designed, and awarded by EFD North and
turned over to the ROICC office to perform contract administration. Although methods and
procedures of procurement may vary according to the individual characteristics of the project,
the general guideline followed by the NUWC, in the context of the investigated case studies, is
illustrated in Figure B.7.
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Project Phase 
Milestone
Conceptual Design
Construction Documents
Construction Planning
Post-Constructio
< A/E delivers ± 35% complete construction documents
'- A/E delivers 100% complete construction documents
< NAVFAC turns project over to the Resident Officer in Charge of
Construction (ROICC) for on-site construction management
< NAVFAC turns completed project over to NUWC Department of
n Operation & Maintenance
Figure B.7 - NUWC Timeline of Project Milestones
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B.3.2 NUWC Projects
B.3.2.1 Periscope Electromagnetic Facility (B #1319): Newport, Rhode Island
B.3.2.1.1 Project Description
The Periscope Electromagnetic Facility, sponsored by the Naval Undersea Warfare
Center, is a new three-story 60,000 S.F. research and development complex located on the
NUWC campus in Newport, Rhode Island (Racette 2000). The site is located adjacent to water
and was clear prior to the construction of the new facility. The facility houses associated office
and laboratory space that is used by test and evaluation organizations for the testing of
communication systems. Scientist and engineering offices are located at the periphery of the
building and electromagnetic and classified laboratories exist at the central core. Construction
began in fall 1995 and was completed in fall 1996 in accordance with an approximate budget of
$12 million. The project was constructed over a single phase.
The fundamental reason behind the construction of the Periscope Electromagnetic
Facility is the Congressional Legislation for Base Realignment and Consolidation (BRAC) that
was passed in 1995. The facility is identified as a BRAC requirement to downsize and
consolidate NUWC's functions at New London into a single facility at Newport. Incidentally, the
design for the Periscope Electromagnetic Facility was originally intended for New London.
However, with the closing of the New London campus, NUWC realized the opportunity to site-
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adapt the finished plans and specifications for the facility to accommodate the new site in
Newport, RI.
The purpose of the facility is to assist NUWC in terms of the organization's ability to
accomplish its mission in the electromagnetic and communication areas of business. In terms of
strategy for the institution, the complex served to create an adequate facility at Newport, which
was needed to house the employees from New London. The major objective for the facility was
to facilitate NUWC's assigned tasks needed to accomplish their mission by obtaining a quality-
constructed facility within the specified budget for the housing of sophisticated equipment within
the building envelope. The systems of the Periscope Electromagnetic Facility included steel
frame construction, a masonry/brick curtain wall, an independent hotel and process load
mechanical system, and classified security and communication systems developed by the
occupants of the facility. The project was governed by a rigid construction schedule to meet the
requirement of the Office of Personnel Management that the building be completed in time to
accommodate the transfer of employees from New London.
EFD North, responsible for assembling the project team based on the recommendations
of NUWC, selected Symmes Maini McKee and Associates of Cambridge, Massachusetts as the
architect and awarded the construction contract to A.F. Lusi of Smithfield, Rhode Island. The
procurement strategy for the facility consisted of a general contractor/design-bid-build delivery
system, a fixed price lump sum contract for the overall project, and an award method based on
the lowest bid.
The single innovation identified in the project includes (1) the site-adaptation of the plans
and specifications for the facility (Racette 2000; Karpinski 2000; McNair 2000).
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B.3.2.1.2 Project Team Organization Chart
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B.3.2.1.3 Project Timeline
Project Phase Constraint Response
Planning & < U.S. Congress approves Base < NUWC proposes site-adaptation.
Programming Realignment and Consolidation
(BRAC).
< NUWC rehires original A/E to site- < A/E modifies plans &
adapt plans & specifications. specifications to fit Newport.
< Office of Personnel Management < NAVFAC incorporates liquidated
requires employees to be damages clause into contract.
transferred to new facility on time.
<- NUWC requires that in-house
Conceptual personnel install security and
Design communication equipment.
Design
Development
Construction
Documents
Bidding & c GC selection process takes place in <- GC selected based on low bid.
Negotiation accordance with the Brooks Act.
Construction
Planning
Post- < NUWC installs security and
Construction communication equipment.
B.3.2.1.4 Summary of Innovations
Modification of plans and specifications to
I Site-Adaptation accommodate a new facility from an originally intended NUWC
site in New London, CN to a new site in Newport, RI.
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B.3.2.2 Combat Systems Facility (B #1320): Newport, Rhode Island
B.3.2.2.1 Project Description
The Combat Systems Facility, sponsored by the Naval Undersea Warfare Center, is a
new five-story 200,000 S.F. research and development complex located on the NUWC campus
in Newport, Rhode Island (Racette 2000). The small site is located adjacent to the entrance of the
campus and was originally a softball field prior to the construction of the facility. The facility
houses associated office and laboratory space that is used by test and evaluation organizations for
warfare analysis and the testing of sonar systems for submarines and surface ships. Scientist and
engineering offices are located at the periphery of the building and laboratories exist at the
central core. The fifth floor is comprised of executive suites on one side and analyst offices on
the other. Construction began in summer 1996 and was completed in fall 1998 in accordance
with an approximate budget of $25 million. The project was constructed over a single phase.
The Combat Systems Facility was the second of two projects constructed under the
Congressional Legislation for Base Realignment and Consolidation (BRAC) passed in 1995. The
facility is identified as a BRAC requirement to downsize and consolidate NUWC's functions at
New London into a single facility at Newport.
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The purpose of the facility is to assist NUWC in terms of the organization's ability to
accomplish its mission in the warfare and sonar areas of business. In terms of strategy for the
institution, the complex served to create an adequate facility at Newport, which was needed to
house employees from New London. The major objective for the facility was to facilitate
NUWC's assigned tasks needed to accomplish their mission by obtaining a quality-constructed
facility within the specified budget for the housing of sophisticated equipment within the
building envelope. In plan, the building consists of two offset rectangles joined by a glass atrium
entry. The systems of the Combat Systems Facility include steel frame construction, a
masonry/brick curtain wall, and an independent hotel and process load mechanical system. The
project was governed by a rigid construction schedule to meet the requirement of the Office of
Personnel Management that the building be completed in time to accommodate the transfer of
employees from New London.
EFD North, responsible for assembling the project team based on the recommendations
of NUWC, selected Raytheon Engineers and Constructors of Massachusetts as the architect and
awarded the construction contract to A.F. Lusi of Smithfield, Rhode Island. The procurement
strategy for the facility consisted of a general contractor/design-bid-build delivery system, a
fixed price lump sum contract for the overall project, and an award method based on the lowest
bid.
The single innovation identified in the project includes (1) the independent hotel and
process load mechanical system (Racette 2000; Karpinski 2000; McNair 2000).
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B.3.2.2.2 Project Team Organization Chart
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B.3.2.2.3 Project Timeline
Constraint Response
Planning & < U.S. Congress approves Base e NUWC prepares to procure the
Programming Realignment and Consolidation facility.
(BRAC).
e Office of Personnel Management < NAVFAC incorporates liquidated
requires employees to be damages clause into contract.
transferred to new facility on time.
Conceptual
Design
Design
Development
Construction
Documents
Bidding & c GC selection process takes place in < GC selected based on low bid.
Negotiation accordance with the Brooks Act.
Construction
Planning
Construction
Post-
Construction
B.3.2.2.4 Summary of Innovations
Hotel/Process Load Mechanical system that utilizes 
a hotel system to
1 ehnclSse accommodate occupancy loads and a process system to Raytheon
handle loads generated from electronic laboratories.
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B.3.2.3 Undersea Weapons Laboratory (PO #70): Newport, Rhode Island
B.3.2.3.1 Project Description
The Undersea Weapons Laboratory, sponsored by the Naval Undersea Warfare Center, is
a new four-story 50,000 S.F. research and development complex located on the NUWC campus
in Newport, Rhode Island (Racette 2000). The site is located where an existing laboratory with
the same footprint as the new building once stood. The facility will house associated office and
laboratory space to be used by test and evaluation organizations for the design, simulation, and
testing of undersea systems. Program will consist of a 300-seat auditorium, integrated display
center, and interactive seating on the first floor, weapons analysis on the second floor, classified
programs on the third floor, and simulation-based design of the fourth floor. Construction began
in spring 1998 and is scheduled for completion in September 2000 in accordance with an
approximate budget of $9 million. The project was phased into 3 components consisting of
construction of the first portion of the new building after selective demolition, a 30-day window
between both construction phases for moving purposes and construction of the second portion of
the new building after remaining demolition.
The purpose of the facility is to assist NUWC in terms of the organization's ability to
accomplish its mission. In terms of strategy for the institution, the complex will serve to design,
simulate, and test undersea weapons as a land-based exercise within the new facility. The major
objective for the facility is to facilitate NUWC's assigned tasks needed to accomplish their
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mission by obtaining a quality-constructed facility within the specified budget and
accommodating sophisticated equipment within the building envelope. The systems of the
Undersea Battle Facility will include structural steel framing, masonry/brick curtain wall, a dual
water distribution system, a voice, video, and data system, and technical audio/visual equipment.
EFD North, responsible for assembling the project team based on the recommendations
of NUWC, selected Raytheon Engineers and Constructors of Massachusetts as the designer and
awarded the construction contract to Perini Construction. The procurement strategy for the
facility consisted of a general contractor/design-bid-build delivery system, a fixed price lump
sum contract for the overall project, and a negotiated award method based on and open-ended
construction contract.
The innovations identified in the project include (1) the open-ended construction contract
and (2) the procurement of audio/video equipment (Racette 2000; Karpinski 2000; McNair
2000).
B.3.2.3.2 Project Team Organization Chart
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B.3.2.3.3 Project Timeline
Project Phase Constraint Response
Planning & c U.S. Congress requires facility <- NUWC documents facility
Programming requirements to be documented in requirements and submits them via
writing prior to funding. chain of command.
< MILCON procedures require e NAVFAC initiates the procurement
approved project to be turned over process by selecting A/E.
to NAVFAC.
Conceptual
Design
Design
Development
Construction
Documents
Bidding & <- NUWC contracts with third party < A/E designs/GC bids skeleton.
Negotiation for technical A/V equipment.
< GC selection process takes place in < GC selected based on open-ended
accordance with the Brooks Act. construction contract.
e NUWC determines that bid prices <- NUWC and GC negotiate to get the
are too high. bid price within budget.
Construction < NUWC requires phased < GC performs demolition and
Planning construction. construction over two phases.
C t MILCON procedures require <- ROICC manages construction of
designed project to be turned over the facility.
to ROICC.
Post-
Construction
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B.3.2.3.4 Summary of Innovations
Upen-Ended
Construction
Contract
Team acquisition process whereby the contractor is
selected based on an open-ended contract with the Navy
rather than an open public advertisement.
NUWC
Audio/Video Procurement strategy that removes 
specialized
equipment from the construction contract and distributes
2 Equipment NUWC
it to a 3 rd party supplier responsible for both design and
Procurement
installation.
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Information
No. Innovation Description Suc
B.3.2.4 Undersea Battle Facility (PO #30): Newport, Rhode Island
B.3.2.4.1 Project Description
The Undersea Battle Facility, sponsored by the Naval Undersea Warfare Center, is a new
four-story 47,000 S.F. research and development complex located on the NUWC campus in
Newport, Rhode Island (Racette 2000). The site is located where World War II bunkers with the
same footprint as the new building once stood. The facility will house associated office and
laboratory space to be used by test and evaluation organizations for the analysis, testing, and
evaluation of undersea vehicles. Construction began in fall 1999 and is scheduled for completion
in Spring 2001 in accordance with an approximate budget of $9 million. The project will be
phased into three components consisting of demolition of the existing bunkers, construction of
the new facility, and demolition of an existing facility upon completion of the new construction.
The purpose of the facility is to assist NUWC in terms of the organization's ability to
accomplish its mission. In terms of strategy for the institution, the complex will serve to
transform underwater mock drills into a land-based exercise on shore and within the new facility.
Instead of placing boats in the water for war game mock battles and fleet exercises, the new
facility will allow simulated drills to occur cheaper and more often. The major objective for the
facility is to facilitate NUWC's assigned tasks needed to accomplish their mission by obtaining a
quality constructed facility within the specified budget needed to house sophisticated equipment
within the building envelope. The systems of the Undersea Battle Facility will include steel
frame construction, masonry curtain wall, and an independent hotel and process load mechanical
system.
EFD North, responsible for assembling the project team based on the recommendations
of NUWC, selected Raytheon Engineers and Constructors of Massachusetts as the architect and
awarded the construction contract to Maron Construction of Rhode Island. The procurement
strategy for the facility consisted of a general contractor/design-bid-build delivery system, a
fixed price lump sum contract for the overall project, and an award method based on the lowest
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bid. There were no identified innovations in the project (Racette 2000; Karpinski 2000; McNair
2000).
B.3.2.4.2 Project Team Organization Chart
OWNER
U.S. Navy
CLIENT
Naval Undersea Warfare Center
Newport, RI
NAVFAC
Naval Facilities Engineering Command
Washington, D.C.
EFD NORTH
Design & Construction Contract
Lester, PA
ROICC
Resident Officer in Charge of Construction
Lester, PA
ARCHITECT
Raytheon Engineers & Constructors
ENGINEERS & CONSULTANTS
I
GENERAL CONTRACTOR
Maron Construction
SUBCONTRACTORS
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B.3.2.4.3 Project Timeline
Project Phase Constraint Response
Planning & c U.S. Congress requires facility <- NUWC documents facility
Programming requirements to be documented in requirements and submits them via
writing prior to funding. chain of command.
z MILCON procedures require < NAVFAC initiates the procurement
approved project to be turned over process by selecting A/E.
to NAVFAC.
Conceptual
Design
Design
Development
Construction
Documents
Bidding & <- GC selection process takes place in < GC selected based on low bid.
Negotiation accordance with the Brooks Act.
Construction < NUWC requires phased <- GC performs demolition and
Planning construction. construction over three phases.
C c MILCON procedures require < ROICC manages construction of
designed project to be turned over the facility.
to ROICC.
Post-
Construction
B.3.2.4.4 Summary of Innovations
NO IDENTIFIED INNOVATIONS
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B.4 Massachusetts Port Authority (Massport)
B.4.1 Owner Description
The Massachusetts Port Authority (Massport) owns and operates air, sea, and land
facilities in New England (http://www.massport.com/). Characterized as a world-class authority,
Massport was founded in 1959 under Massachusetts's legislature. Today, with a primary purpose
in managing airports and seaports, Massport is an independent, quasi-governmental agency that
relies on its own income stream from rents and landing fees, and does not rely on or receive any
state tax monies to carry out its mission. Massport employs approximately 1,200 people directly
and generates approximately 20,000 jobs by its operations and activities. The mission of the
agency is to "develop, promote and manage airports, the seaport and transportation infrastructure
to enable Massachusetts and New England to compete successfully in the global marketplace"
(http://www.massport.coml).
Massport manages facilities including the Logan International Airport, the Port of
Boston, the Tobin Bridge, Hanscom Airfield in Bedford, and provides technical assistance to the
Worcester Airport in central Massachusetts.
Board ofDirector & CEO
DEPARTMENT OF AVIATION CAPITAL PROGRAMS DEPARTMENT ADMINISTRATION & FINANCE DEPARTMENT OTHER DEPARTENTS...
Business Developmert etc.
|DEPUTY DIRECTOR PROJECT CONTROL
A/E CM SURVEY QUALITY UTILITIES
CONTRACT ADMINISTRATION ENVIRONMENTAL MANAGEMENT
LANDSIDE AIRSIDE LOGAN MODERNIZATION SEA/TOBIN
Figure B.8 - Massport Organization Chart
The Massport organization chart, as it relates to capital programming, is illustrated in
Figure B.8. In terms of organizational structure, the Capital Programs Department is responsible
for the development of capital projects at all Massport facilities (Johnson 2000). The mission of
the department encompasses three main functions: capital programming within the budget
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established by the Administration and Finance Unit, project delivery for Massport-developed and
privately-developed infrastructure projects, and technical expertise for all Massport facilities.
The Capital Programs Department is modeled after private sector program and construction
management organizations and is organized into "program teams" and support units that focus
on project management. The support units consist of Project Controls, Contract Management,
Architectural/Engineering Services, Construction Management, Surveying, Quality Assurance,
Utility Management, and Environmental Management. These units support the Landside,
Airside, Logan Modernization, and Sea/Tobin teams that function under the Capital Programs
Department.
The Logan Modernization program was specifically established to focus on structural
changes to the Logan International Airport. Five projects under the program comprise $908
million in projects cost and include the expansion and improvement to Terminal E, a central
cooling and heating plant, elevated walkways, new two-level roadways, and interface with the
Central Artery Tunnel. Depending upon the size of the project, services may be outsourced or
provided by in-house personnel. For projects over $200,000, in-house personnel consisting of
architects, engineers, construction managers, and other trained professionals, manage the design,
engineering, estimating, and construction process by outside consultants and contractors.
Although methods and procedures of procurement may vary according to the individual
characteristics of a project, Massport is subject to the Massachusetts General Public Procurement
Laws and generally follows the guidelines illustrated in Figure B.9.
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Project Phase
Conceptual Design < A/E delivers ± 33% complete construction documents.
Construction Documents < A/E delivers 100% complete construction documents.
Construction Planning
Post-Constructi
<= Capital Programs Department assigns completed project to Massport
0n 1 Operating Unit.
Figure B.9 - Massport Timeline of Project Milestones
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B.4.2 Massport Projects
B.4.2.1 Terminal E: Boston, Massachusetts
E
B.4.2.1.1 Project Description
Terminal E, sponsored by the Massachusetts Port Authority and referred to as the
International Gateway Project, is a new two-story, 400,000 S.F. expansion to Terminal E located
at the Logan International Airport in Boston, Massachusetts (Johnson 2000). The site is located
adjacent to the existing 500,000 S.F. Terminal E building. The facility will accommodate
i separate arrivals and departures, expanded U.S. Customs facilities, large ticketing areas,
passenger waiting areas, baggage and concessions. While elevated moving walkways between
Terminal E and Central Parking have already been completed, construction will also include a
new second-level departures roadway to the terminal and the renovation of the existing Terminal
E facility. Early site construction began in 1995-1996, and construction of the new addition is
expected to finish by the end of 2001 and the renovation to the existing building is expected to
finish in 2003. The budget for the entire Terminal E project is approximately $321 million and
will be constructed over several phases.
The modernization of Terminal E is a major priority given that the rate of international
travel has increased over 15% and is growing faster than domestic travel at Logan International
Airport. A key initiative of Massport is to improve and expand Terminal E to handle greater
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numbers of international passengers, projected to reach an estimated 33-37 million passengers by
2010. In terms of strategy for the owner, construction of the facility will double the capacity of
the existing U.S. Customs by allowing 2,400 passengers per hour to be accommodated. A major
objective of Massport is to design and construct an inviting facility that matches the architecture
of the existing terminal and provide an open-air feeling of comfort. The major systems of the
facility will include structural steel frame construction and metal panel/glass curtain wall
enclosure. Construction of the facility will be governed by off-hours construction to provide
minimal disturbance to the existing facility and allow the existing terminal to remain open at all
times.
The Capital Programs Department of the Massachusetts Port Authority had the
responsibility of assembling the project team. For the Terminal E project, Massport selected F.R.
Harris of Boston, MA as the lead design consultant, Skidmore Owings and Merrill of New York,
NY as the lead architect, and Stone & Webster of Boston, MA as the CM as Agent. Modern
Continental of Boston, MA was awarded the construction contract. The procurement strategy for
the facility consisted of a general contractor/design-bid-build and CM as Agent delivery system,
a fixed price lump sum contract for the majority of the project with unit prices for civil items,
and an award method based on the lowest bid with subcontractor bids defined as necessary.
The innovations identified in the project consist of (1) a project-based web site, (2) web-
based advertisement to bid, (3) Common Use Terminal Equipment (CUTE), (4) Flight
Information Display System (FIDS), (5) automated baggage handling system, and (6) drilled
caisson foundation system (Johnson 2000; Scheipers 2000).
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B.4.2.1.2 Project Team Organization Chart
CLIENT
Aviation Department
OWNER
MassPort
Boston, MA
CAPITAL PROGRAMS DEPARTMENT
LOGAN MODERNIZATION PROGRAM
Project Manager
GENERAL CONTRACTOR
Modern Continental
Boston, MA
SUBCONTRACTORS
LEAD DESIGN CONSULTANT
F.R. Harris
Boston, MA
ARCHITECT
Skidmore Owings & Merrill
New York, NY
ENGINEERS & CONSULTANTS
CM AS AGENT
Stone & Webster
Boston, MA
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B.4.2.1.3 Project Timeline
Project Phase Constraint Response
P- Massport issues schedule &
Ploaning performance specifications that outline
design requirements.
Conceptual
Design
Design
Development
Construction
Documents
e- Massport issues schedule &
Beiin & performance specifications that outline
construction requirements.
Construction
Planning
Post-
Construction
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B.4.2.1.4 Summary of Innovations
Information
No. Innovation Description Suc
Project-Based Web
Site
A common project management computer database used
by project team members to access, use and update
information regarding a project.
Massport
Web-Based A common computer database used by consultants and
2 Advertisement to subcontractors to access information regarding the Massport
Bid advertisement of projects.
Common Use
Centralized computer system that allows any carrier to
3 Terminal Equipment Mspr
access their home system through any terminal.
(CUTE)
Flight Information
Computer display of flight information that uses special
4 Display System colors and font sizes to provide legibility of information. Massport
(FIDS)
5 Automated Baggage System that utilizes computer logging of baggage. Massport
Handling System
Use of drilled caissons in which holes are drilled into
Drilled Caisson Modem
6 Foundation the soil and concrete is utilized to displace a slurry Continental
mixture in order to form foundation piles for the facility.
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B.4.2.2 Terminal B: Boston, Massachusetts
B.4.2.2.1 Project Description
The Terminal B project is essentially four independent projects: a Federal Inspection
Services Facility, an American Airlines terminal expansion and renovation, a U.S. Airways
terminal expansion and renovation, and a parking garage renovation (Ames 2000). The Federal
Inspection Services Facility, sponsored by the Massachusetts Port Authority, is a new three-
level, 200,000 S.F. addition to Terminal B located at the Logan International Airport in Boston,
Massachusetts. The clean site is located adjacent to the existing Terminal B and is surrounded by
water on the north, south, and east sides. Downtown Boston is located to the west. The facility
will house a U.S. Customs Facility with direct access from the terminals, an I.N.S. Facility,
baggage claims, hold-rooms, 3 gates, and 22 ticketing positions. Program will include office and
support spaces for each of the organizations. Design of the facility is expected to be 30%
complete by March 2001 and construction is expected to take nearly two years to finish in
accordance with an approximate project budget of $120 million.
Originally, American Airlines had proposed to construct the Satellite F.I.S., but because
the project is a common use terminal, Massport determined that they should build the facility.
Currently, American's international flights arrive at Terminal E and must be towed to Terminal
B for departure. The facility will function as a satellite Customs Facility that will allow both
240
domestic and international flight operations to occur at a single terminal. The project is being
designed as a stand-alone compatible facility with separate ticketing, but still connected to the
Terminal, in the event that American Airlines or U.S. Airways vacates Terminal B. A Massport
requirement and major objective of the project is the challenge for the design team to devise a
sustainability implementation plan to translate the concept of sustainable buildings and
architecture into the final building product. In addition, construction of the four projects must be
coordinated to ensure that there aren't too many projects going on at the same time, a minimum
number of gates stay open, utilities continue to function uninterrupted, and parking capacity
remains the same throughout the construction process.
The Capital Programs Department of the Massachusetts Port Authority holds the
responsibility for assembling the project team. For the Terminal B project, Massport selected
F.R. Harris of Boston, MA as the lead design consultant, Kohn Pedersen Fox of New York, NY
as the lead architect, and Tishman Construction of Boston, MA as the CM as Agent. The
selection of the general contractor is yet to be determined. The procurement strategy for the
facility will consist of a general contractor/design-bid-build and CM as Agent delivery system, a
fixed price lump sum contract for the project, and an award method based on the lowest bid with
subcontractor bids defined as necessary.
The innovations identified in the project consist of (1) a project-based web site, (2)
coordination workshops, (3) digitally animated video, and (4) green/sustainable design (Ames
2000; Rookard 2000).
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B.4.2.2.2 Project Team Organization Chart
OWNER
MassPort
Boston, MA
CAPITAL PROGRAMS DEPARTMENT
LANDSIDE TEAM
Project Manager
GENERAL CONTRACTOR
SUBCONTRACTORS
CM AS AGENT
Tishman Construction
Boston, MA
LEAD DESIGN CONSULTANT
F.R. Harris
Boston, MA
ARCHITECT
Kohn Pederson Fox
New York, NY
ENGINEERS & CONSULTANTS
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B.4.2.2.3 Project Timeline
Constraint Response
Planning & < Massport determines that Massport <- Terminal B is separated into 4
Programming will build Satellite FIS. components.
< Massport requires that design team
must devise a sustainability
implementation plan by translating
concepts into built form.
Design
Development
Construction
Documents
Bidding &
Negotiation
Construction
Planning
Construction
Post-
Construction
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Project Phase
B.4.2.2.4 Summary of Innovations
Information
No. Innovation Description
Source
Project-Based Web
Site
A common project management computer database used
by project team members to access, use and update
information regarding a project.
Massport
Coordination Workshop sessions that involve the user in design
2 review to express their requirements and incorporate Massport
them into the design of the facility
Utilization of a computer-animated model used as a
Digitally Animated communication tool to understand terminal massing,
Video passenger arrival and departure, and movement through
the facility.
A Massport requirement that the design team devise a
Green/Sustainable sustainability implementation plan and translate the
Design concept of sustainable buildings and architecture into
the final building product.
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B.4.2.3 Central Garage Expansion: Boston, Massachusetts
B.4.2.3.1 Project Description
The Central Garage project, sponsored by the Massachusetts Port Authority, is a two-
phase renovation and expansion to an existing parking garage located at the Logan International
Airport in Boston, Massachusetts (Marshall 2000). The first phase of the project consists of the
renovation to the existing five-level 1,600,000 S.F. parking garage and the replacement of
existing parking decks that have seriously deteriorated. The second phase consists of the addition
of 2-4 new levels of parking above the existing roof. While each additional level of parking will
add 320,000 S.F. or approximately 1,000 parking spaces to the garage, a total of 2,000-4,000
parking spaces will potentially be added to the facility. A final determination based on the results
of a preliminary design report with cost estimates will dictate the exact number of new decks to
be constructed. Construction is expected to begin in January 2002 and is scheduled for
completion in 2005 in accordance with an approximate overall budget of $91 million.
The sequence of the design for the project is unusual. Initially, Massport selected a
designer for only the renovation of the parking garage. Upon completion of the construction
documents, Massport made a determination that the facility needed to be expanded.
Consequently, the first phase of the project was put on hold, and rather than amending the
existing designer's contract, a search and selection process was initiated to obtain a designer for
the second-phase expansion. Although the same firm responsible for the renovation submitted a
proposal, a second firm was unexpectedly selected to design the second-phase expansion. As a
result, two separate design firms are responsible for each phase of the project, resulting in a team
challenge of coordinating two separate designers with the goal of one single bid package for the
project.
Currently, Massport is approximately 2,500 parking spaces short of the required amount.
The purpose of the facility will be to support the mission of the Logan Modernization Program,
generate a profitable revenue stream, and provide additional parking to the public. Due to the
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extent of renovation and addition to the parking garage, a major requirement for the facility is the
upgrade of seismic capacity. Because an initial plan for K-bracing within the parking area was
deemed unacceptable and rejected by Massport for operational reasons, the designers proposed
the concept of external diagonal X-bracing on the fagade of the parking garage. The
characteristics of the project will include drilled caisson foundations, external seismic bracing,
and new columns cored through the existing building decks from the roof level.
The Capital Programs Department of the Massachusetts Port Authority holds the
responsibility for assembling the project team. For the Central Garage project, Massport selected
Fay Spofford Thorndike of Boston, MA as the designer for the renovation and Parsons
Brinckerhoff of Boston, MA as the designer of the addition. The selection of the general
contractor is yet to be determined. The procurement strategy for the facility will consist of a
general contractor/design-bid-build delivery system, a fixed price lump sum contract for the
project, and an award method based on the lowest bid with subcontractor bids defined as
necessary.
The innovations identified in the project consist of (1) a project based web site and (2) an
innovative seismic design to transfer the existing garage lateral loads to the new roof level with
external bracing (Marshall 2000; Bechara 2000).
B.4.2.3.2 Project Team Organization Chart
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B.4.2.3.3 Project Timeline
Constraint Response
Planning &
Programming
Conceptual < Massport places the garage < PB selected as architect for garage
renovation on hold to incorporate the expansion.
garage expansion into the scope of work.
Design < Massport rejects internal K-bracing e PB/FST proposes external X-bracing.
Development scheme by FST during Phase II design.
e Massport requires that two separate < PB/FST develop single bid package
designers achieve one single bid for bidding & negotiation stage.
package.
Bidding &
Negotiation
Construction
Planning
Construction
Post-
Construction
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Project Phase
B.4.2.3.4 Summary of Innovations
Project-Based Web
Site
A common project management computer database used
by project team members to access, use and update
information regarding a project.
Massport
External diagonal X-bracing that distributes horizontal
(earthquake) loads to the ground from the roof level.
2 Seismic Design This innovation was specifically developed in response Massport
to the owner's demand that internal bracing be
eliminated.
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Information
No. Innovation Description
Source
I
B.5 Hines
B.5.1 Organization
B.5.1.1 Description
Hines, which was founded in Houston, Texas in 1957, is a fully integrated international
real estate firm involved in developing, managing, leasing and acquiring real estate
(http://www.hines.com/). Hines, a private, family-owned business, has regional offices in New
York, San Francisco, Aspen, Chicago and Atlanta as well as development and management
offices in 70 other U.S. cities. In addition, the firm has opened 11 offices in foreign countries
such as Canada, Mexico, United Kingdom, France, Spain, The Czech Republic, Poland,
Germany, Brazil, China, Italy, Argentina and Russia. Hines employs approximately 2,800
people. The mission of the company is based on the premise that "buildings of superior quality
and architectural merit backed by responsive, professional management attract better tenants,
command higher rents, and retain their value longer despite the ups and downs of real estate
cycles" (http://www.hines.com/).
Hines' $10 billion real estate portfolio consists of premier corporate offices, mixed-use
centers, industrial complexes, retail centers and residential properties, including master-planned
communities and land developments. Hines develops and manages more than 640 properties
representing 209 million square feet of space on a worldwide basis.
HINES
Houston, 7X
REGIONAL OFFICES
(5 Locations)
DEVELOPMENT & MANAGEMENT OFFICES
(61 Locations)
DEVELOPMENT ASSET/PROPERTY MANAGEMENT MARKETING/LEASING ACQUISITION/DISPOSITION
Figure B.10 - Hines Organization Chart
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The Hines organization chart is illustrated in Figure B.10. In terms of organizational
structure, Hines' regional offices each act as independent business units that are headed by a firm
partner who serves on the Hines Executive Committee. Resource groups comprised of specialists
who are headquartered in Houston support the regional offices by offering expertise in
conceptual construction, finance, accounting and control, public relations, marketing, human
resources, risk management and asset/property management.
Hines' scope of services includes development, asset/property management,
marketing/leasing services and acquisition/disposition services. As a developer, Hines offers
expertise in site selection, rezoning, architectural design, construction bidding and coordination,
purchasing, operations, and financing. As asset/property managers, Hines develops strategic
plans to maximize the value of assets and manages property to the satisfaction of the tenant. The
Hines leasing team develops marketing materials, conducts advertising and events, structures and
negotiates leases and brokerage agreements, administers closing transactions, and coordinates
tenant move-ins. The Hines acquisition/disposition team evaluates properties and identifies
capital expenditures, leasing risks, and pro forma investment returns to make recommendations
that best meet the client's goals and objectives.
Within each of the Development and Management Offices, the Development division
provides the necessary design, engineering, estimating, and construction management and
coordination for all new construction and renovation projects for the company. For most
projects, Hines' in-house personnel, consisting of architects, engineers, construction managers,
and other trained professionals, contract with outside professional consultants for design and
construction services. Although methods and procedures of procurement may vary according to
the individual characteristics of a project, the general guideline that Hines follows is illustrated in
Figure B.11.
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Project Phase 
Milestone
Conceptual Design
Construction Documents
Construction Planning
Post-Construction
<- A/E delivers ± 33% complete construction documents
<- A/E delivers 100% complete construction documents
<=
Hines Development Division turns completed project over to Hines
Asset/Property Management Division, Marketing/Leasing Division
and/or Acquisition/Disposition Division as required
Figure B.11 - Hines Timeline of Project Milestones
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j t Phase Milestone
B.5.2 Projects
B.5.2.1 Woodfield Preserve: Schaumburg, Illinois
B.5.2.1.1 Project Description
The Woodfield Preserve, developed by Hines, is a new two-building, 6-story, 600,000
S.F. office project located in Schaumburg, Illinois, a suburb outside of Chicago
(http://www.hines.com/). The 29-acre site is located adjacent to 1-290 and the Woodfield Mall,
which is the nation's second largest shopping center, and overlooks the Ned Brown Forest
preserve. The project consists of office space, a 2,800 S.F. deli, a 2,800 S.F. fitness center, and a
1,000-space parking garage. Construction of Phase I began in early 1999 and was completed in
early 2000 in accordance with an approximate budget of $30 million. Phased II is currently under
construction.
Hines elected to build the project based on satisfying the needs of its potential client base
and pursuing an opportunity for asset within its field of business (Brazier 2000). In accordance
with a long-term investment strategy, Hines identified the site and anticipated the requirements
for the facility including the need for expansive windows and state-of-the-art systems.
Hines assembled the project team and selected Wright Architects as the designer and
Turner Construction as the general contractor. The procurement strategy for the facility consisted
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of a general contractor/design-bid-build delivery system, a lump sum contract for general
conditions and site work, the negotiated buy-out of sub-trades, and an award method based on
qualifications and price.
The innovations identified in the project consist of (1) a raised-floor mechanical system
that integrates (a) individual climate control diffusers, (2) full-height, low-emissive glass, (3)
telecommunications infrastructure, (4) submittal party, and (5) innovative design layout (Brazier
2000; Elkins 2000).
B.5.2.1.2 Project Team Organization Chart
OWNER
Hines
ARCHITECT
Wright Architects
IENGINEERS & CONSULTANTS I I
GENERAL CONTRACTOR
Turner Construction
SUBCONTRACTORS
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B.5.2.1.3 Project Timeline
Project Phase Constraint Response
Planning &
Programming
Conceptual < Hines distributes project program and < Project team follows guidelines.
Design outline specifications for the building.
< Hines requires green building e A/E proposes low emissive glass
initiatives. and raised floor mechanical system.
Design
Development
Construction e Hines requires 100% completed < Architect assumes the role of key
Documents construction documents. coordinator.
Bidding & c Hines buys out sub-trades w/ GC. <- GC performs general conditions,
Negotiation structure and site work.
Construction
Planning
Post-
Construction
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B.5.2.1.4 Summary of Innovations
Information
No. Innovation Description
Source
Raised-Floor
Mechanical System
Raised plenum mechanical system that distributes 100%
outside air without the need for mechanical ducts.
Hines
1b Individual Climate Diffusers located within the raised floor system that Hines
Control Diffusers regulate the amount of air distributed to the workstation.
2 Full-Height, Low- Thermally efficient, non-reflective glass unique to office Hines
Emissive Glass applications.
Telecommunications Vertical penetration core, satellite 
dishes for broadband
3 Infrastructure needs, and basement floor space devoted to multiple Hines
telecommunication providers.
Single event with Owner, Architect, General Contractor,4 Submittal Party Hines
Subcontractors, and Suppliers for review of submittals.
Design of 30' wide center bay with 35' wide outside
bays to accommodate workstations.
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B.6 Owens Corning
B.6.1 Owner Description
Owens Coming, a pioneer of glass fiber technology, was founded on November 1, 1938
(http://www.owenscorning.coml/). Today, with interests in building, commercial, industrial,
automotive, electronics, and telecommunications, Owens Corning is a publicly held organization
divided into strategic business units. The major units consist of composites, building materials,
and international business. Divisions within the units include communications, engineering,
information systems, manufacturing technology, marketing and sales, production management,
and research and development. Owens Corning employs approximately 20,000 people around
the world. The mission of the corporation includes fostering customer satisfaction, individual
dignity, and shareholder value through products that comply with health, safety, and
environmental standards across all levels of the organization.
The Owens Corning world headquarters is located in Toledo, Ohio. The company also
operates a 600,000 S.F. research and development facility in Granville, Ohio in addition to 130
manufacturing facilities. Overall, the company has approximately 560 manufacturing, sales, and
research facilities totaling 400,000,000 million S.F. in more than 30 countries on six continents.
OWENS CORNING
President & CEO
Toledo, OH
FACILITIES MANAGEMENT LAW REAL ESTATE
Figure B.12 - Owens Corning Facilities Organization Chart
The Owens Corning organization chart, as it relates to facilities, is illustrated in Figure
B. 12. In terms of organizational structure, the Facilities Management, Law, and Real Estate
groups provide the necessary construction expertise and project management competence for
industrial facility procurement (Eckert 2000). The real estate division consists of two real estate
managers and two paralegals. The Facilities management division consists of an engineer/facility
manager, a document services professional, and administration support. For unique facilities,
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such as the Owens Corning World Headquarters, Owens Corning will tap into construction
industry expertise by contracting with development managers such as Hines. Although methods
and procedures of procurement may vary according to the scope of the project, the general
guideline that Owens Corning followed, in the context of the case study with Hines acting as
development manager, is illustrated in Figure B. 13.
Project Phase Milestone
Conceptual Design <= A/E delivers ± 33% complete construction 
documents
Construction Documents I <A/E delivers 100% complete construction 
documents
Construction Planning
Post-Construction <- Owens Corning contracts with Hines to act 
as Property Manager.
Figure B.13 - Owens Corning/Hines Timeline of Project Milestones
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B.6.2 Projects
B.6.2.1 Owens Corning World Headquarters: Toledo, Ohio
B.6.2.1.1 Project Description
The Owens Corning World Headquarters, developed by Hines, is a new 3-story, 400,000-
square-foot office complex located in downtown Toledo, Ohio (http://www.hines.com/). The 60-
acre waterfront site is located adjacent to the Maumee River and existing railroad tracks. The
facility consists of a 275-seat auditorium, a full service conference center, a 400-seat dining
facility and gourmet company store, a full-service health and fitness center, a medical
center/employee assistance facility and a full service credit union. The site consists of walking
trails, exercise stations, a softball field, gazebo and a campus-style courtyard. Construction began
in March 1995 and was completed in August 1996 in accordance with an approximate budget of
$65 million (Peszek 2000). Owens Corning selected Hines to operate and manage the facility.
In 1993, Owens Corning originally intended to upgrade their existing facility. Goldman
Sachs recommended that Owens Corning hire Hines to act as development manager for the
project. Hines performed extensive due diligence on the existing facility and determined that
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with the presence of asbestos, outdated elevator systems, and small floor plates that weren't
conducive to business, the best real estate decision would be to construct a new facility. In
accordance with acting as development manager, Hines identified the site and assisted in
developing the requirements for the facility. The overriding objectives for the facility consisted
of the need for energy efficient systems, respect toward the environment, the use of Owens
Coming products, access to exterior light from within the building, and user flexibility.
Hines assembled the project team and selected Cesar Pelli and Associates of New Haven,
Connecticut as the designer and Lathrop Construction, based in Toledo and a wholly owned
subsidiary of Turner Construction, as the general contractor. The procurement strategy for the
facility consisted of a general contractor/design-bid-build delivery system, a lump sum contract
for general conditions and site work with a guaranteed maximum price (GMP) contract for the
overall project, and an award method based on the negotiated buy-out of sub-trades.
The innovations identified in the project consist of (1) a raised-floor mechanical system
made up of (a) raised floor components, (b) individual climate control diffusers, (c) power/data
boxes, and (d) fiber optics, (2) modular furniture, (3) prairie grass, (4) the requirement for Owens
Corning materials, and (5) campus design layout (Eckert 2000; Peszek 2000; Shumacher 2000;
Waldman 2000; Frank 2000).
B.6.2.1.2 Project Team Organization Chart
OWNER
Owens Corning
DEVELOPMENT MANAGER
Hines
DESIGN ARCHITECT GENERAL CONTRACTOR
Cesar Pelli & Associates Lathrop Construction (Turner)
PRODUCTION ARCHITECT ENGINEERS & CONSULTANTS SUBCONTRACTORS
Kendall Heaton
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B.6.2.1.3 Project Timeline
Project Phase Constraint Response
Planning &
Programming
Conceptual < Hines distributes project program < Project team follows guidelines.
Design and outline specifications for the
building.
< Owens Coming seeks creative office < A/E proposes new campus layout.
environment.
< Owens Coming establishes the need e Hines/A/E research systems and
for flexibility to address high propose the integrated raised floor
employee chum rate. mechanical system.
c Owens Coming requires the use of < A/E specifies and GC bids the
Owens Coming materials. facility in accordance with Owens
Coming products.
Design
Development
Construction <-- Hines requires 100% completed <- Architect assumes the role of key
Documents construction documents. coordinator.
Bidding & < Hines buys out sub-trades w/ GC. < GC performs general conditions,
Negotiation structure and site work.
Construction
Planning
Construction
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B.6.2.1.4 Summary of Innovations
Raised-Floor
Mechanical System
Raised plenum floor system that allows the distribution
of all condition air without the need for mechanical
ducts, except @ building perimeter.
Hines
Individual Climate Easily adjustable diffusers located within the 
raised
lb Control Diffusers floor system that regulate the amount of air distributed Hines
to the workstation by individual occupants.
Boxes located within the raised floor system that
ic Power/Data Boxes Hines
integrates power/data whips distributed under the floor.
Fiber Optic Fiber optic whips distributed under the floor that serve
id Hines
Telecommunication every desk location.
Movable furniture partitions integrated into raised floor
2 Modular Furniture mechanical system that allows the reconfiguration of Hines
floor space.
3 Prairie Grass The recreation of prairie grass landscaping native to Hines
Ohio.
4 Owens Corning Requirement to utilize Owens Corning materials rather Hines
Materials than similar products manufactured by competitors.
Campus Design Transformation of Owens Corning facility from a .5 Pelhi
Layout vertical tower layout to a horizontal campus layout.
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Information
No. Innovation Description Suc
B.7 General Motors
B.7.1 Owner Description
General Motors, the world's largest industrial corporation and full-line vehicle
manufacturer, was founded in 1908 (http://www.gm.com/). Today, with a primary purpose in
designing, manufacturing, and marketing vehicles, GM is a publicly held organization divided
into 8 global operating groups and 260 major subsidiaries, joint ventures, and affiliates around
the world. GM also has substantial business in telecommunications and space, aerospace and
defense, financial and insurance services, locomotives, automotive systems, and heavy-duty
automatic transmissions. GM employs approximately 397,000 people with over 30,000 supplier
companies worldwide. The mission of the corporation is to "be a world leader in transportation
products and related services.. .and earn customers' enthusiasm through continuous improvement
driven by the integrity, teamwork, and innovation of GM people" (http://www.gm.com/).
GM has a global presence in more than 200 countries with operations in 73 countries.
Based on an initiative to realign facilities with its core business, GM is organized into six major
campuses.
GENERAL MOTORS
President & CEO
VP MANUFACTURING STAFF
WORLDWIDE FACILITIES GROUP
Programs/Services Capital Projects Facility Mgt Environmental Decommissioning Finance New Plant Imp. Utility Services
Figure B.14 - General Motors Organization Chart
The GM organization chart, as it relates to facilities, is illustrated in Figure B. 14. In terms
of organizational structure, the Worldwide Facilities Group is organized internally under GM
and the Vice-President of Manufacturing Staff (Marszalek 2000). Several centers of service are
established under the Worldwide Facilities umbrella including Programs & Services, Capital
Projects, Facilities Management, Environmental Services, Decommissioning, Finance, New
Plant Implementation, and Utility Services.
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Within the Worldwide Facilities Group, the Capital projects center of service manages
the design, engineering, estimating, and construction management for all new construction and
renovation projects. Although the center at one time employed over 600 to 800 individuals with
the responsibility of executing design and engineering, downsizing during the 1980's led to
today's much smaller staff of personnel. These in-house personnel focus primarily on plant
automotive facilities. Depending upon the size and nature of the project, services may be
provided by the in-house personnel or outsourced. For large projects, in-house staff members,
consisting of architects, engineers, project managers, and other trained professionals, will
typically provide a core group to manage the design, engineering, estimating, and construction
process. In this case, GM will also contract with outside professional organizations such as
development managers, architects and engineers, and construction managers for facility
procurement. Although GM has guidelines for facility procurement, the general procedures that
GM followed in the context of this case study with Hines acting as development manager, is
illustrated in Figure B.15.
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Project Phase
Conceptual Design < A/E delivers ± 33% complete construction 
documents*
Construction Documents I < A/E delivers 100% complete construction 
documents
Construction Planning
Post-Construction
* Varies with each project component.
Figure B.15 - GM/Hines Timeline of Project Milestones
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Milestone
B.7.2 Projects
B.7.2.1 General Motors World Headquarters: Detroit, Michigan
B.7.2.1.1 Project Description
The General Motors World Headquarters at the Renaissance Center, developed and
managed by Hines, is an existing 1977 five-tower, 5.5 million S.F. facility consisting of one 73-
story cylindrical hotel and four 39-story octagonal office buildings in Detroit, Michigan (Peszek
2000). John Portman originally designed the complex as a multiphase project along the Detroit
River. The prime site is located a few blocks from the center of downtown Detroit, occupies
eight acres of riverfront property, and is raised on a podium four stories above the street level.
An additional twenty-four acres surround the original project as vacant land area. The project is
essentially made up of three components: the office tower renovation, the podium renovation,
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and the hotel renovation. The scope of work for the office tower renovation includes the
complete demolition of the interior down to the existing structure and exterior wall, new
mechanical systems, new finishes, and new furniture. Approximately 100 floors have been
finished to date, and an expected completion is scheduled for the fourth quarter of 2001. The
podium renovation consists of five floors at the base of the facility plus two floors that exist
below grade. This portion of work will accommodate a mix of retail space, public space, and
hotel space including meeting rooms, ballrooms, and restaurants. Renovation of the podium
began in 1998 and is scheduled to be complete by the end of 2002. The hotel renovation consists
of approximately 1,400 rooms on 70 floors and is expected to be complete by the end of 2001.
Within these three major components, the project will include the relocation of the existing
central heating and chilled water plant, design and construction of a Winter Garden atrium, re-
design of the major building elements, reworking of the Detroit People Mover station and track,
and a plaza/promenade with landscaping along the riverfront. Overall, the project has a
construction budget of approximately $500 million.
In October 1996, General Motors purchased the Renaissance Center. Based on a previous
relationship and past experience in developing the Comerica Bank Office Tower at One Detroit
Center, Hines was selected by General Motors to act as development manager for the project.
The purpose of the project is to upgrade the hotel into a first-class facility, incorporate highly
regarded tenants, provide an exciting environment and destination, and transform the center into
a global headquarters for General Motors for the 2 1't century. For the occupants of the facility,
the complex will create a source of pride and inspiration for employees, business associates, and
the people of Detroit. The complex also seeks to create an exciting user-friendly facility, reduce
congestion by redefining the public spaces, and cater to business travelers and convention
attendees. Major requirements for the project consist of maintaining the building as a fully
operational facility throughout the construction process and dealing with the complicated and
complex nature of the project in terms of logistics.
General Motors, in collaboration with Hines, selected Skidmore Owings and Merrill of
Chicago, Illinois as the master architect responsible for developing a Framework Plan in 1996 as
a guide for the development of the project. Gensler was selected as the office tower architect,
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BBGM was selected as the hotel architect, and SOM was selected as the podium architect.
Turner Construction of Detroit, MI was the successful bidder on the tower project. The podium
portions of the project were awarded to a partnership of Turner, Bailey and Brinker (TBB) for
this effort. The procurement strategy for these two portions of work consisted of a general
contractor/design-bid-build delivery system, a lump sum contract for fee and general conditions
with a guaranteed maximum price (GMP) contract for the overall project, and an award method
based on the lowest bidder for fee and general conditions and the negotiated buy-out of sub-
trades. TBB was also awarded the construction contract for the hotel portion of work in the same
manner, but based on a negotiated award method for fee and general conditions for that
particular portion of work.
The innovations identified in the project consist of (1) the Winter Garden atrium and
entry pavilion, (2) the central heating and chilled water plant relocation, and (3) a pilot program
for defining a conscientious work environment via a daylight-harvesting lighting system
(Marszalek 2000; Peszek 2000; Kerwin 2000).
B.7.2.1.2 Project Team Organization Chart
Genera Motors
DEVELOPMENT MANAGER
S E m RCH&TEril GENERA CONRACTOR GENERAL CONTRACTOR DESIGN/BUILD
Office Tower Podium & Hotel Winter Garden
S G m AO g RrI DESIGN ARCHITECT DESIGN ACHITECT SUBCONTRACTORS SBONTRACTORSSkidmore Owings & MerolGnerB M
Podium Office Tower Hotel
ENGINEERS PRODUCTION ARCHITECT ENGINEERS ENGINEERS
I I ~Gafari & Assoc ates II
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B.7.2.1.3 Project Timeline
Project Phase Constraint Response
Planning & < GM requires a partnering consultant. <- Project team participates in
Programming partnering sessions.
Conceptual <- Hines distributes project program <- Project team follows guidelines.
Design and outline specifications for the
building.
Design <- Hines requires A/E to hold on the <- Hines procures design and
Development design of the Winter Garden. construction of the Winter Garden
on a D/B basis.
Construction < Hines requires 100% completed <- Architect assumes the role of key
Documents construction documents. coordinator.
Bidding & : Hines buys out sub-trades w/ GC. <- GC bids fee and general conditions
Negotiation only.
<- Hines negotiates Hotel portion of < GC performs Hotel portion of work
work. on a negotiated basis.
Construction <- GM requires the facility to remain <- Project team focuses on construction
Planning fully operational during logistics and off-hours construction.
construction.
Post-
Construction
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B.7.2.1.4 Summary of Innovations
Information
No. Innovation Description
Source
Winter Garden
Atrium
Enclosed -story, 14,U0 S.F. atrium with light
structure, glass transparency, and sloped cylindrical
roof.
Hines
2 Central Heating & Demolition of existing berms, relocation of plant GM/Hines
Chilled Water Plant equipment, and outsourcing of utilities.
State-of-the-art energy and environmentally
Conscientious Work conscientious environment for 
work. Program includes
3 Environment the development of daylight harvesting - a system of GM
sensors to dim overhead lights based on the level of
sunlight entering the facility.
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Owner Project Name Location Project Type Size (S.F.) Budget
Ownrroec_ NmeLoatonroecTpeSieS..) ($ MM)
Baker House Cambridge, MA Dormitory Renovation 133,000 29
Sports & Fitness Center Cambridge, MA New Athletic Facility 162,000 43
MIT Undergraduate Residence Cambridge, MA New Dormitory 180,000 40
Stata Center Cambridge, MA New Academic Facility 430,000 109
Media Lab Expansion Cambridge, MA New Academic Facility 190,000 100
Sampson & Mahan Halls Annapolis, MD Classroom Renovation 130,000 15
USNA Bancroft Hall Annapolis, MD Dormitory Renovation 1,400,000 250
Periscope Electromagnetic (B #1319) Newport, RI New R&D Facility 60,000 12
NUWC Combat Systems (B #1320) Newport, RI New R&D Facility 200,000 25
Undersea Weapons Lab (PO #70) Newport, RI R & D Facility Addition 50,000 9
Undersea Battle Facility (PO #30) Newport, RI New R&D Facility 47,000 9
Terminal E Boston, MA Terminal Addition & Renovation 400,000 321
Massport Terminal B Boston, MA Terminal Addition & Renovation 200,000 120
Central Garage Expansion Boston, MA Parking Structure Addition & Renovation 4,200,000 91
Hines Woodfield Preserve Schaumburg, IL New Office Facility 600,000 31
Owens Corning Owens Corning World Headquarters Toledo, OH New Office Facility 415,000 65
General Motors General Motors World Headquarters Detroit, MI Hotel/Office Facility Renovation 5,500,000 500
General Project Information
k)
t~)
General Project Information
Owner Project Name Owner's Representative Owner Contact Lead Design Consultant
Baker House MIT Department of Facilities Susan Personette, A.I.A. Perry Dean Rogers & Partners
Sports & Fitness Center MIT Department of Facilities John Hawes, R.A. Roche & Dinkeloo
MIT Undergraduate Residence MIT Department of Facilities Deborah Poodry, R.A. Steven Holl Architects
Stata Center MIT Department of Facilities Nancy Joyce Frank 0. Gehry & Associates
Media Lab Expansion MIT Department of Facilities Susan Personette, A.I.A. Maki & Associates
USNA Sampson & Mahan Halls Naval Facilities Engineering Command (NAVFAC) Mark Smith, P.E. Goody Clancy AssociatesBancroft Hall Naval Facilities Engineering Command (NAVFAC) Mark Smith, P.E. RTKL Associates
Periscope Electromagnetic (B #1319) Naval Facilities Engineering Command (NAVFAC) Russell A. Racette, IlIl Symmes Maini McKee & Associates
NUWC Combat Systems (B #1320) Naval Facilities Engineering Command (NAVFAC) Russell A. Racette, Ill Raytheon Engineers & ConstructorsUndersea Weapons Lab (PO #70) Naval Facilities Engineering Command (NAVFAC) Russell A. Racette, Ill Raytheon Engineers & Constructors
Undersea Battle Facility (PO #30) Naval Facilities Engineering Command (NAVFAC) Russell A. Racette, Il1 Raytheon Engineers & Constructors
Terminal E Massport Capital Programs Department Ken Johnson, P.E. F.R Harris
Massport Terminal B Massport Capital Programs Department Russ Ames, R.A. F.R Harris
Central Garage Expansion Massport Capital Programs Department Steve Marshall, P.E. Fay Spofford & Thorndike/Parsons Brinckerhoff
Hines Woodfield Preserve Hines Jon Brazier, P.E. Wright Architects
Owens Corning Owens Corning World Headquarters Hines Jim Eckert Cesar Pelli & Associates
General Motors General Motors World Headquarters Hines Leonard P. Marszalek Skidmore Owings & Merrill
General Project Information
Owner Project Name Representative/Local Architect Construction Manager General Contractor
Baker House N/A Kennedy & Rossi Kennedy & Rossi
Sports & Fitness Center Sasaki & Associates Turner Construction Turner Construction
MIT Undergraduate Residence Perry Dean Rogers & Partners Daniel O'Connell & Sons, Inc. Daniel O'Connell & Sons, Inc.
Stata Center Cannon Beacon-Skanska Beacon-Skanska
Media Lab Expansion Leers Weinzapfel Associates Macomber Construction Macomber Construction
USNA Sampson & Mahan Halls N/A N/A Whiting-TurnerBancroft Hall N/A N/A Whiting-Turner
Periscope Electromagnetic (B #1319) N/A N/A A.F. Lusi
NUWC Combat Systems (B #1320) N/A N/A A.F. LusiUndersea Weapons Lab (PO #70) N/A N/A Perini
Undersea Battle Facility (PO #30) N/A N/A Maron
Terminal E Skidmore Owings & Merrill Stone & Webster Modern Continental
Massport Terminal B Kohn Pedersen Fox Tishman Construction To Be Determined
Central Garage Expansion N/A N/A To Be Determined
Hines Woodfield Preserve N/A N/A Turner Construction
Owens Corning Owens Corning World Headquarters Kendall Heaton N/A Lathrop
General Motors General Motors World Headquarters Gensler, SOM, BBGM N/A Turner Construction
Ownr One Oranzaton yp Retrctins n ethds Core Organization Size (Number of Location of Physical Owner Involvement andOwnr wne Ogaizaio Tpe esricios n Mthds Competence Employees) Assets Commitment
.000
t5
CD 0) 0 CC
1i r- CD 0
cc0 0)
.E M cc CL rE -C2u
S E to C 2'0) 0 .2 2 C0 CD C 0 tf) 0) 8 5 +C) (
t5 (a 9 0 En cm 229) t5 T 2 z
0a 4) LO Cu8 Z S_0C oL89 w3C 0 C U Leo CM
M.I.T.11111 1 
USNA1 11 11 _1 11 1
NUWC111 1 1 11111
Massport _ 1 11 11
Hines 11111
rOwens coming - - - - 1 - - - -111 1 
- - -
lGenerall Motors 11
TOTAL#
TOTAL %
2 1 1 1 2
29% 14% 14% 14% 29% 43% 43% 43% 43% 43% 29% 71% 14% 43% 29% 0% 14% 29% 14% 14% 43% 100% 57% 57% 71%
KEY:
1 = Applicable
Owner Organization Data
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